GOOD

HOUSEKEEPING
.

fiddling the system. In effect the program
only allows one source of funds (the bank
account). The upshot of all thisis thatif you
use this package, you will not be able to
reconcile the accounts produced by the
program back to your bank statement, or
your Access statement, or any other
statement.

Another point to bear in mind generally
when you are looking at this kind of very

self control to log everything you spend.
But if you don’t do this it will make a
nonsense of the whole system.

It is a pity this program has such basic
flaws because it is very well presented and

detailed system is that you will need lots of

works very fast (much faster than many
business programs I’ve seen). It also has
the ability to do some analysis on your
expenditure which, had it been executed
correctly, has the potential to be very
useful. Another potentially useful feature
is that the program has been designed to
work with both a ZX printer and any
Centronics compatible printer using the
Kempston interface.

(4
Conclusions
So what is the upshot of all this? I think
more and more people are looking for
something useful to do with their home
computers. However, at the moment, I
think, this smacks of ‘I’ve got a home
computer so I might as well buy the
package to give it something useful to do’.
This is the reverse of what should happen.
You ought to be saying ‘I have a problem.

“having your home accounts done by your

Can a computer help?’.

Home accounts is certainly an area in
which a home computer could be useful.
However in all honesty I can’t recommend
either of the programs I have tested here.
The OCP Finance Manager is full of good
ideas but is let down by its execution. The
Diamondsoft Home Accounts works, but
it operates at such a simple level that I
doubt its usefulness. An ideal system
would allow analysis of expenditure and
some budgeting but would remain easy and
quick to use.

If you feel you would benefit from

home computer it may be that yourbest bet
is to buy a simple spreadsheet such as
Vu-File, and use that.

A Prime Number is defined to be a positive
integer, greater than unity, which is
divisible only by itself and unity. Thus the
sequence of prime numbers commences
2,3,5,7,11,13,17,19,23,29 . . .

‘The Modulus of a number, x, written x|,
isidentical with the Basic function ABS (x)
and is defined to be the argument, x, made
positive. |x|=x, if x=0, else [x|=—x.

Readers will be familiar with ideas of (i)
approximating a real number by a rational
number (or fraction), and (ii) approximat-
ing a rational number in turn by an integer
(or whole number); this latter being the
process of rounding off to. zero decimal
places. '

For example:

(i) ™ isapproximately 22/7, V2 is approx-
imately 141/100; and

(ii) 22/7 is approximately 3, while 397/400
is approximately 1.

We now ask how good an approximation
to a prime number can be obtained using
fractions of a restricted kind.

Case (i). If a;,as,b; and b, are integers
less than a given prime number, p, the
minimum of

— |81-22
d,= |51—b—2 p
when a;=a,=p-1, b;=1, and b,=p-2.
Elementary algebra shows this minimum
value to be 1/(p —2); which may be used to
verify the accuracy of any general program
written in response to subsequent cases.
Thus (12)(12)/((1)(11)) is the best approx-
imation to 13 by fractions of the given type,
and differs from it by 1/11.

l is known to be obtained

FRACTIONAL APPROXIMATION
TO PRIME NUMBERS

New readers start here. Thetopics dealt with in this column attempt to reach the frontiers of kno wledge in
number theory with the minimal backgroundinformation. The problems posedtherefore have no complete
solution known to the author, and readers are encouragedto submit their attempts atsolution, however

incompletethey may seem.

Case (ii). If a,,a;,as3,b;,b,, and by are
integers less than a given prime number, p,
we wish to minimise

— |ai-aa3
4 |b1-52-53 P
For example, if p=13 then a;=a,=2,=10,
b;=1,by=7,bs=11, yields the minimum d,
value of 1/77.
Note. This result should also be used as a
test case for any computer program
generated in response to the more general
problem posed below. There is a conjec-
ture that the minimum of d; approaches
1/p? as p tends to infinity: (becomes larger
and larger). This case was investigated at
Los Alamos c1960 for all prime numbers
less than 100,000 — the evidence is
consistent with the conjecture.

Problem

Case (n). n>2. Here we ask the question
how good an approximation is
(818233 - - - @ns1)/(Dibabs . . . byyy) tO the
prime p, where the a; and b; are all
restricted to be less than p.
Section (a). Investigate this for arange of n
and small values of the prime p, such as the
first ten given in the introduction.
Section (b). Select a particular n, chosen
with reference to the above results and
extend the range of p, attempting to
conjecture the limiting behaviour of dn,
as p tends to infinity.

Readers are invited to submit a prog-
ram, or suite of programs, to investigate
this intriguing approximation problem.

All submissions should include program
listings, hardware descriptions, Tun times
and output. They will be judged for
accuracy, originality and efficiency (not
necessarily in that order). A prize of £10
will be awarded to the ‘best’ entry
received. Entries, to arrive by 1 March
1984, to Mr M R Mudge, Room 560/A,
Department of Mathematics, University
of Aston in Birmingham, Gosta Green,
Birmingham B4 7ET.

Harshad Numbers
August

Several enquiries showed aninterest in this
problem. However, no real progress can
be reported. Did holidays interfere with
computing, since subsequent problems
have been very well supported?

1 would ask any interested reader who
has neither access to PCW August 1983,
page 108, nor Repunits and Repetends by
Samuel Yates, 1982, pages 111-112, orwho
would simply like further discussion to
contact me directly, home telephone
(0902-892141). Those who have now got
results should please submit them by 1
March, 1984, when a deferred prize award
will be made.

Note. Submissions can only be returned if a
suitable stamped addressed envelope is
provided.

202 PCW
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(1) Thelegendary number theorist, DR
Kaprekar, of the Indian Institute of
Science at Bangalore, is perhaps most
famous for publicising the number
6174, which is the eventual resuit {with
certain exceptions) of the subtraction
of a four digit integer whose digits are
arranged in ascending order from the
sameintegerwhosedigitsarearranged
in descending order,

For example, given the four digit
integer 8923 we proceed thus:
9832 — 2389 = 7443,

9963 ~ 3699 = 6264,

7641 — 1467 = 6174,

7443 — 3447 = 3996,

6642 ~ 2466 = 4176, the
repeats at this stage.
Question A. What are the certain
exceptions referred to above?
Question B. What happens to integers
with other than four digits?

{2) Kaprekar Numbers, however, are
defined to be those n-digit integers, K,
which are equal to the sum of the
integer defined by the least significant
(right-most) n-digits of their square
plus the integer defined by the remain-
ing digits.

Thus 142857 is a Kaprekar Number
because here n = 6 and

(i) (142857) = 20408122449

(ii) 122449 + 20408 = 142857
Question C. What are the Kaprekar
Numbers less than 10" for a given n?
Interest Note. The square of any cyclic
permutation of a K-Number is also a
cyclic permutation when the digits are

process

0
Kaprekar Numbers'%’

New readersstart here. The topics dealtwith in this column atten
number theory with the minimal background inf
solution known o the author, andreaders are

incompletethey may seem.
added as required.

For  example, (428571)2
183673102041 and 102041 + 183673
285714.

Readers are invited to submit a
program, or suite of programs, to
answer the above questions. All sub-
missions should include program list-
ings, hardware descriptions, run times
and output; they will be judged for
accuracy, originality and efficiency (not
necessarily in that order),

A prize of £10 will be awarded to the
‘best’ entry received . Please address all
entries, to arrive by 1 April, to Mr M R
Mudge, Room 560/A, Department of
Mathematics, University of Aston in
Birmingham, Gosta Green, Birming-
ham B4 7ET.

Review—September83

The Partitions of a Positive Integer
generated a very heavy, and varied
response; the extremes being typified
by an estimate of 15 years to find p(100)
using a TI59 programmable calculator
to an offer to calculate p(535) program-
ming in Algol 68 — on an unspecified
mainframe, one suspects.

A reference work in this field is
provided by GE Andrews, The Theory
of  Partitions,  Encyclopedia of

Mathematics and its Applications,
Volume 2, Addison-Wesley 1976.
However, the presentation in Chapter
XIX of the fifth edition of An‘Introduc-
tion to the Theory of Numbers, by GH
Hardy and EM Wright, Oxford Univer-

Quickie

A 20ib monkey hangs from a rope
which passesovera single pulley and is
balanced by a 20Ib weight hanging
from the other end of the rope. The
monkey begins to climb up the rope.
Will the 201b weight go up, godown —
or stay still?

Prize puzzle

Three artists — Albert, Brian and
Charles — each paint a picture on a
square canvas. Brian’s picture is seven
square feet more than Albert's in area,
and seven square feet less than
Charles’. All sides have exact measure-

by J J Clessa

ments, What are the dimensions of the

pictures?

November prize puzzle

The puzzie would have presented very
little problem for those of you with
micros, although a little thought would
have saved quite a bit of computertime
— especially if you were to generate al/
10-digit numbers rather than the smal-
lest.

Since the required answer had to be
divisible by the integers 11to 12, it must
be a multiple of 12x 11 x7x5x3x2 —
thatis 27720. Hence you could setup a
simple loop with increments of 27720.
Luckily, the solution is 1 234 759 680,

VOVOV@V@V@V Vo"* |
Rsird

ptioreachthe frontiers of knowledge in
ormation. Theproblemsposed therefore have no complete
encouragedtosubmittheir attempts at solution, however

sity Press 1979 is adequate to yield the
recurrence relationship for p(n) without
which realistic computing is virtually
impossible. '
p(n) = p(n—1) - p(n-2) + p(n—-5) + ...
+ (=D pin—1k(3k—1)) + (—1)
p{n="%k(3k+1)) ... =0

To estimate the magnitude of the
computation one may use the asymp-
totic formula of Hardy and Ramanujan
1917,

1 2n
P~ 20 vE OP\Y 3)

The computational difficulties are
referred to in Computers in Number
Theory edited by AOL Atkin and BJ
Birch, Academic Press 1971.

The prizewinning entry is from RB
Shepherd of 2 Orchard Croft, Cotting-
ham, Humberside HU16 4HG using
Pro-Pascal on a Sharp MZ80-B compu-
ter (64 kbytes). This submission facto-

. rised up to p(300) in 44hours 20mins. It

must be observed that the presentation
of results by RB Shepherd, and indeed
by numerousother contributors, was of
the highest possible standard. Congra-
tulations all round, and keepthe entries
flowing.

Note. Submissions will only be re-
turnedifa suitable stamped addressed
envelope is provided,

which comes up relatively early in the
loop. )

You can cut down considerable time
by tailoring the loop to skip whenever
the second digit is equal to the first.

The winning entry came from
D Spencer of Ruislip, Middlesex whose
prize is on its way.

Tothose overseasentrants who were
worried that their entries might arrive
too late: | can‘t recall a case in which a
late entry was from overseas.

JEND]
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Number

theories

Newreadersstarthere. Thetopics dealtwith inthis column attempt to reach the frontiers of knowledge in
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number theory with the minimal backgroundinformation. The problems posedtherefore have no complete

solutionknown to the author, andreadersare encouragedto submit their attempts at solution, however

This month we look back and examine
some number theoretic results which
were making the news around the turn
of the century. We ask how these might
pe established using a digital compu-
ter, and in what ways they may be
extended.

The results, which require no under-
standing of mathematics beyond
elementary arithmetic, are given in
chronological order and readers are
invited to respond to some, or all of
them!

{a)In 1876 ABEvansfoundfourintegers
whose sum is a sixth power, and such
that the sum of any three is a fifth
power.

(b) In 1895 several writers found two
integers whose sum, difference and
difference of their squares are all
twelfth powers.

(c) In 1898 GBM Zerr found six positive
integers xq,X,X3,Xa4,Xs and Xg, such that
each, diminished by (5/2)(x; + x5 + x3 +
X4 + X5 + xg)° becomes a fifth power,
and three years later three humbers in
arithmetic progression (A, A+d, A+2d,
where A is the smallest and d the
common difference of arithmetic pro-
gression) whose sum is a sixth power.
(d)In 1904 P F Teilhet verified that every
integer, A, up to 600, with one exception
is a sum of two squares and two
positive or zero cubes.

(e)In 1917 R Goormaghtigh stated: ‘For
A less than 1000000 A=1+
X3+ X" =1y +yPyR . y"
holds only in two cases, one of which is
31=1+5+52=1+2+2242+2%"

L4

incomplete they may seem.

Readers are invited to submit a
program, or suite of programs, to
recreate the news items listed above,
and to extend them in any way. Thus in
(d) the exception should be displayed
and, hopefully, the bound on A signifi-
cantly extended, whilein (e) the second
case should be found explicitly and,
again, the bound extended on A.

A prize of £10 will be awarded to the

‘best’ entry received by 1 May, 1984,
Please address all entries to Mr MR
Mudge, Room 560/A, Department of
Mathematics, University of Aston in
Birmingham, Gosta Green, Birming-
ham B4 7ET.
Note. Criteria of judgment include
limitations imposed by hardware and
programming language chosen, so
details of these should be supplied.

Review — October 83

The concept of a Perfect Number
appears to be well known to many PCW
readers, hence the peak in response to
this article.

The problem of finding the factors of
an integer is recognised by many, but
fewaddress themselvestoit. The use of
the Chinese Remainder Theorem may
provide a ‘best possible’ algorithm, but
personally | doubt this. Discussions
with Dr R Churhouse and Dr AOL Atkin
many years ago at the Atlas Computer
Laboratories, Chilton, in the presence
of my colleague Dr D Ridout, revealed
that there was still an unsolved prob-
lem in this area.

The Poulet sequence has been dis-
played by many correspondents —
some suggested problems include:

(1) Are all abundant numbers divisible
by 15 if they are odd?

(2) Are there any three-ply Perfect
Numbers different from 120 and 672?

Therefore, does there exist an n for
which 6 (n)=kn, k greater than 2
defines a k-ply Perfect Number,

The winner is Mr J Jones, 33 Vincent
Avenue, Nantgylo, Gwent NP3 4PF. He
hastaken this problemto the limit of his
available hardware, changing the prog-
ramming language on the way.

Once again, it should be observed
that many submissions were of the
highest possible standards of neat-
ness; however, | claim to recognise
valuable work among the other sub-
missions, and ask that you are not put
off by the lack of a word processor.

A number M s said to be:
2-hyper-perfect if m=2s(m)-1
3-hyper-perfect if m+3s(m)-2; and in
general
n-hyper-perfect if m=n s(m} - {(n—1).

D Minoli has constructed (1980) a list
of all n-hyper-perfect numbers (n
greater than 1) up to 1500000 using the
PDD 11/70 computer.

Can anyone improve upon this situa-
tion? :

Note. Submissions will only be re-
turned if a suitable stamped addressed
envelope is provided.

ISURE LINE

Quickie
Of 50 people interviewed 27 liked
cricket, 32 liked soccer and five didn't

lilge either. How many people liked both
cricket and soccer?

Prize puzzie
The Smiths and Jones families each

local authority. By coincidence, the
~salaries of the three Smith children are
In the same proportions as those of the
three Jones children.

Moreover, Albert Smith and Paul
Jones have the same salary — as do
Mary Smith and Sally Jones. However,
-\‘

have three children who work for the

by JJ Clessa
Peter Jones earns£387 permonth more
than Michael Smith. What is the salary
of each?

Answers please — postcards or
backs of sealed envelopes only — to °

reach PCWnot later than last poston 30
March, 1984. Send your entries to PCW,
March prize puzzle, Leisure Lines, 62
Oxford Street, London W1.

Decemberprize puzzie

Not too difficult to solve analytically,
althoughit'sabithardertosolve by trial
and error using a micro. Naturally, it
isn‘t possible to say which of the two
scoresisforthe penalty andwhichisfor
the field goal, but the scores must be 4

and 17.

This prohibits scores of:
123567910111314151819222326
27 30 31 35 3943 and 47 — twenty-four
in all.

The winning entry, drawn at random
from over one hundred, came from CR
Hensler of Letchworth, Herts. Congra-
tulations, MrHensler, your prizeisonits
way.

Don‘tforget—please sendentries on
postcards (backs of sealed envelopes
will do). Letters are immediately dis-
qualified. [END]
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Repunits

This month Mike Mudge takes along look at Repunits and Repdigits

v

The first part of this month’s problem,
although very simple to formulate,
should encourage the development of
certain general integer length arithme-
tic routines. See, for example, DE
Knuth's, The Art of Computer Program-
ming, Vol 2, Semi-numerical Algo-
rithms, Addison Wesley, 1969; such
algorithms once optimised will prove
invaluable in any future empirical
number theory.

The second part, somewhat tenu-
ously related to the first, is in response
to numerous requests for further prob-
lems relating to Prime Numbers; and is
an opportunity to mention the possible
sinistersignificance of such numbersin
1984, hinted at by A Berry, The Daily
Telegraph, 9 January, 1984 together
with the paper The Fascinating Hunt for
Prime Numbersby C Pomerancein The
Scientific American, December (1982).
1) Defining a Repunit by R, = (10"

—1)/9, an integer consisting of a
string of n 1's. The problem is to
factorise R, completely for a given
n. Thus Rz = 11, Ry = 3.37, Ry =
101.11, Rs = 271.41.

2) Noting that Repdigits (defined in
the obvious way) other than Re-
punits are always trivially compo-
site (not prime), it is known that in
common with Repunits they can
occur as long strings in primes.
Thus Rsy7, 2222222222 2222222222

39, 33333333333333333333 01,

1733333333 3333333333 33,
4444444444 4444444444 51 are all
primes!

Furthermore, 10%%¢ + 10282 - 1

consisting of 1 followed by 282 0's and
282 9’s is also prime.

Find primes containing lengthy Rep-
digits 5,6,7 and 8.

Itis likely that this section will involve
considerable library work and hope-
fully not too much computing, as a
variation on the usual balance between
these two activities in Numbers Count.

A prize of £10 will be awarded to the

‘best’ entry received by 1 June, 1984.
Please address all entries to Mr MR
Mudge, Room 560/A, Department of
Mathematics, University of Aston in
Birmingham, Gosta Green, Birming-
ham B4 7ET.
Note. Criteria of judgement include
limitations imposed by hardware and
the programming language chosen, so
details of these should be supplied.

The Persistence of an
Integer

Review— November 1983
The Persistence of an Integer provided
a popular challenge: with typical re-
sultsto (c) examining powers up to 2%7%4

radix 3 in about 32 hours of Basicon a
BBC Micro.

Parts (d) and (e} are still very much
closed books and results relating to
them would most certainly be of
interest to myself and to this month’s
prizewinner, Mr Alan Prior of 41 Wainut
Tree Road, Shepperton, Middlesex.

Alan used Basic on his Sharp MZ-80A
with 48k and a 2MHz processor, having
first rejected Pascal and Forth: the
former due to the limitations of his
version; and the latter due to lack of
time to become familiar with the
language.

In six hours two minutes (and eight
seconds) he established 2777777
88888899 as the smallest number with
persistence 11 using a program which
handles 78 digit integer input and 255
digit integers internally.

Attempts to find the smallest integer
with persistence 12 have so far been
unsuccessful, although tables of per-
sistence of n for n = (1) 24999, if
extended, may shed light on this
problem, should some underlying pat-
tern be revealed.

The origins of this problem, to the
best of my knowledge, are to be found
in NJA Sloane's The Persistence of
a Number, Journal of Recreational
Mathematics, Vol 6 1973 (pp 97-98).

Note. Submissions will only be re-
turned if a suitable stamped addressed
envelope is provided.

LEISURE LI

Quickie

If 250 players enter a darts knockout
tournament, how many matches will
have been played by the time the
tournament is finally won?

Prize puzzle
Can you complete the 3x3 grid shown

C|P|S

S
P
¢ |

here so that the row and column
marked ‘P’ contain a prime number,
those marked ‘C’ contain a perfectcube,

by JJ Clessa

and those marked ‘S’ contain a perfect
square.

January prize puzzle

A very mediocre response to the
January puzzle, about 50 entries only.
Perhaps it was more difficult than
usual, or maybe my readers are spend-
ing their time on the puzzles to win the
Apricot.

However, many of those who did
submit entries found quite alot more to
the puzzle than | realised. Clearly, there
are many solutions, the smallest of
which (with 7 digits) is 1000146, whose
divisors total 2286144 (15127). The
largest is 9998508 which is 50407,

The winner was chosen by a draw,

and the lucky entrant was from Milan,
Italy — Mr Giorgio Vincenti. He only

submitted one solution, 1380527,
whose divisors sum to 11767 but it was
enough to win the prize. Congratula-
tions, Giorgio, your prize is on its way.

Incidentally, solutions should always
be submitted on postcards or the backs
of sealed envelopes. Normally solu-
tions on letters are ineligible for prizes,
but since we forgot to state this in the
January puzzle we let it go by this once.
But don’t forget — letters if you want to
correspond, postcards for the puzzle
entries.

) PCWUS
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Amstrad
Benchtest- .7,

Theoriginalmarketing planto
keepthebasicmachineasbare
andplain as possible, with
absolutelyno accessories, has

beenrethoughtand adiskwill
beavailablearound July.
Theresuitwillbethatthe
Amstradwillbe thecheapest
CP/Mmicro onthe market.
Therewillbea£400system
withagreenmonochrome
monitorandasingle Hitachi
drive,including CP/M 2.2 plus
the programming/teaching
language, Logo, alsofrom

Digital Research.
Andfor£500,the same
system, butwithacolour
display, willbeavailableasa
‘top oftherange’ model.
Itwas notpossible to obtain
a sample disk for the
Benchtest; thiswillbe covered
inafutureissue of PCW.
However, theHitachidrives
areknowntobereliable, and

GuyKewney

theonlydrawbackisthatthere
aremany programson CP/M
whichdon’tcomereadily
available on3in diskettes.

However,oncetherearea
fewthousand Amstrad
systems with CP/M, lpredict
thatthere will suddenlybean
interesting supply of software
forthe newformat.

Diophantine

Thetopics dealtwith in this column attempt to reach the frontiers of knowledge in

number theory withthe minimal backgroundinformation. The problems posed therefore have no complete

solution knowntothe author, andreaders are encouragedto submit their attempts at solution, however

Those readers who have been with us
since the first Numbers Count back in
February 1983 — 'Waring's Conjecture
and a certain Diophantine Equation’ —
will recall that a Diophantine Equation
is-one which is solved in terms of
integers only.

The first writer to study such equa-
tions in detail was Diophantus of
Alexandria ¢ 250AD. For example, the
equation x? y? = 72 yields the integer
sided right-angled (or Pythagorian)
triangles beginning with (3,4,5) and
(6,12,13).

Problem

Here are three distinct problems in this
field, indicating fundamental differ-
ences in the state of the art relating to
each.Readers areinvited to contribute.
(1) Consider z(1 + xy) = x? + 2y?; this
has only one known solution in inte-
gers, namely x = 30905,y = 663738,z =
43duetoES Barnes, J London Math Soc
Vol 28, 1953 pp242-244. Further, LJ
Mordell in Diophantine Equations,
Academic Press 1969 writes: ‘The only
procedure seemstobetotryifthereisa
solution for various values of z.” How
does one best do this trying, and do we
need all values of z?

(2) Consider 6y? = (x+1)(x? — x + 6)
(those readers familiar with the Bino-
mial Theoremwill recognisethisasy® =
T+ x + x{(x—1)/2! + x{x—1) (x—-2)/2} ).
This is known to have integer solutions
for x=2,7,15 and one other non-trivial
value of x (x=0,and x=—1areregarded
as trivial). Find the fourth non-trivial
x-value: it has only two digits — are
there others?

(3) The Arabs ¢ 972AD are believed to
have been the first to study the pair of

incomplete they may seem.

simultaneous Diophantine Equations
y’=x’+5u°.
Z=x*-5u°
The solution x=41, y=49, z=31 and
u=12 was published by Leonardo of
Pisa 1220AD. A further solution x =
3444161,y =4728001,z=113279and u
= 1494696 is known, as is a yet larger
solution involving 15-digit integers.

Theoretically, this problem is com-
pletely solved because algebraically
every solution may be derived from
Leonardo’s by rational operations. See
Uspensky and Heaslet, Elementary
Number Theory, McGraw Hill 1939
pp419-427.

How efficiently can the above solu-
tions be found using a computer?
Readers are invited to submit a pro-
gram, or suite of programs, to investi-
gate the above questions. All submis-
sions should include program listings,
hardware descriptions, run times and
output; they will be judged for accura-
cy, originality and efficiency. A prize of
£10 will be awarded to the ‘best’ entry
received by 1 July 1984. Please address
all correspondence to Mr MR Mudge,
‘Square Acre’, Stourbridge Road, Penn,
Nr Wolverhampton, Staffs WV4 5NF.

Absolutedifferences of
Prime Numbers—
December1983

This problem proved to be exceptional-
ly popular, attracting multiple res-
ponses from Belgium and West Ger-
many. The languages chosen included
VSAPL under CMS in a 2Mbyte virtual
machine of adMbyte IBM4331/2;Pascal
on an Altos ACS 68000 with the Unix
System |ll in multi-user mode; C-

language on an IBM Personal Compu-
ter; Basic on an Acorn Atom with 29k of
RAM but with a 7-track '2in tape drive
interfaced to give mass storage with a
transfer time of around 4k per second.
The prizewinner however, after a
very careful evaluation, is Michael
Robinson of 2 Lower Merrion Street,
Dublin 2 who addressed himself pre-
cisely to the problem as posed. Using
Cobol written for a 16-bit micro, with
assembly routines for the repetitive
parts, the program was ultimately run
onaBurroughs B22uptoa 110 = 103961
and then in mortuary time on a B21. A
very careful operations estimate was
included and the entire study well
documented. ags = 5940 was reachedin
4mins 42secs from approximately 6000
primes, the study being terminated at
aa = 733576 in 27hrs from 786575
primes, the last of which was 11975597.
Empirical evidence for the Gilbreath
conjecture is considerably streng-
thened by this computation, revealing,
for example, that around a6 = 271621
large differences are seen ‘spreading
like ripples in a sea of Os and 2s.’
Perhaps those who submitted stu-
dies of this problem could communi-
cate onewith another eithervia Michael
Robinson or myself, with a view to a
final assaultonthe a,andits associated
number patterns? [END]

Note. Submissions can only be re-
turned if a suitable stamped addressed
envelope is provided. Telephone com-
ments, both favourable or otherwise,
are welcome on (0902) 892141.
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printercables, but Tradecom
saysitcanproduceonly 25 per
week.’

Brainwavewill still deliverto
customerswho have already
orderedbutisdirecting all new
businessto Tradecom UK.
Detailson (01)94135189.
JerrySanders

‘C’is for Apple
Apple Computer hasfinally
launcheditsmuchrumoured
transportableversion ofthe
Applelleintheformofa7¥:lb
machinethatcosts£925plus
VAT.ltshouldrunalmostall
currentlle software.
Calledthellc,the one-piece
machinecomesasstandard
withabuilt-in, half-height
5Vsindiskdrive, 128kRAM, and
anRFmodulatortoallowthe
machinetoconnectuptoa
televisionset.Itisbasedonthe
CMOSversionofthe 6502 chip,
knownasthe65C02. Asimple,
typewriterstyle, keyboardis
Similarly,ifyouwanttouse
thellcwithitsoptional 9in
Apple monitor (f140extra),
anotherbuttonjustabovethe
featured butthiscanbe
convertedfromthestandard
qwerty keyboardlayouttothe
alternative Dvorak keyboard
ijtyle atthetouch ofabutton.

keyboardallowstheuserto
switchfrom 40-columnto
80-columndisplay mode.
Original Applellusersstill
upsetabout pastmistakes with
theone-touchresetbuttonwill
begladtohearthatalthough
thellc'sresetbuttonissetto
thetopleftofthe keyboard, it
mustbedepressed withtwo
otherspecialkeysbeforeit will
operate.

Arange of/Oconnectors
identifiedbyiconsarebuiltinto
thebackofthellc.One
connectorhasbeenprovided
toallowamouse—ora
joystick—to be attached
{(many new packagesare being
developedforthellcthatare
mouse compatibleandold
onesarebeingenhancedfor
thesamereason).

Thellcmousewillcost£70.

Otherconnectorsinclude
twoRS232serial portsfor
connectingamodem and/ora
printer,anextendedvideo port
forattachingthe RF modulator
oraspecial colour monitor, a
standardvideoport,anda
seconddiskdrive port. Thelic
ispowered by an external
transformer, butitisnottoo
choosyaboutwherethe DC
powercomesfrom—this
meansthatyoucould operate
itoffacarcigarette lighter

socketifyouhavea
battery-poweredtelevision. By
theendoftheyearApple
expectstoannouncealiquid
crystaldisplaythatclipsonto
thellcandwhich canhandle 80
columnsby24linesinwhatis
beingcalledsuperorultrahigh
resolution. Thisisafarmore
expensive propositionthana
TVsinceitmaycostasmuchas
£600.
Exceptforwhatyoucanadd
viathel/Oconnectors, thellcis
notexpandableinthe
conventionalsense, and Apple
hopesthatthisallinone
approachwill appealtothose
wantingtobuyacomputerfor
useinthehome.
Sandwichingitoneitherside
arevariousApplelle system
bundles: itwill be possibleto
buyaspeciallle starter system
forjust£795(CPU, onedisk
withcontroller,nodisplay); a
professional system for £1095

{twodrivesand amonitor);
andabusinesssystem for
£2290(thisisaprofessional
system plusa5Mbyte Profile
harddisk.
RobinWebsterinthe US

Apricot delight

IsyourApricotscreengiving
youeye-strain? If sohow about
al2inmonitor?

EmcoElectronics expects
theideatoappealandis
offeringtosupplya
customisedIndesitmonitor
{greenonblack)foraround
£220.

FromJunenew Apricot
buyerscan specify the 12in
screentodealersonordering,
butifyourdealer pleads
ignorance, getintouch with
Emco’smarketing manager,
DavidBernheim,on(01)737
3333.

Jerry Sanders

PCW Subscriptions down!

Relentless diatribes fromPCW subscribers and the editorial
teamn have finally worn down yourpublisher. He has agreed
in his magnanimity and mortificationto cut the subscription
costofthe greatest micromagazine from£25to £ 15 peryear.

Ifyou’ve already forked outawhole £25 for
PCWsubscriptions, don‘thave apoplexy— you are now
entitledto awholeextrayearofPCWs.
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Quotients

Thismonth Mike Mudge examines the quotients of Fermatand

Notation

We write A=B{mod C), read as A is
congruent to B modulo C, if A and B
leave the same remainder when di-
vided by C.Forexample, 16=21(mod5),
64=0(mod 16).

The Fermat Quotient

A famous theorem in classical number
theory, Fermat's Little Theorem states
that if p is prime and does not divide a,
then aP '=1(mod p). The number

p=t_ .
Fp=a 1 is Fermat’s Quotient.

Computations by Froberg for a=2
and p less than 5000 have revealed only
two solutions, p=1093 and p=3511, to
the equation F,=0({mod p). It is still an
open question whether any more solu-
tions exist for a=2 with p greater than
5000, and the nature of any solutions for
2<a<31; this range being relevant to
the proof of Fermat's Last Theorem.
The Wilson Quotient
Awell-known theorem by Wilson states
thatif p is prime, then (p—1)!=-1(mod

Wilson.

p). The number
1)
sz(p 1)1+1

Quotient.

Computations by Froberg for
3=p=50000 have revealed only three
solutions, p=5, p=13and p=563, to the
equation W,=0(mod p). ltistheoretical-
ly probable that there are more solu-
tions to this equation.

Large tables of Wy(mod p) would be
useful in empirical number theory. At
the present time, only two small tables
are known:p less300, and p less than or
equal to 211, due to NGWH Berger
{1920) and ET Lehmur (1937).

Readers are invited to reproduce the
results given above, and to extend
them in any natural way. Submissions
should include program listings, hard-
ware description, run time and output,
and will be judged for accuracy, origi-
nality and efficiency (not necessarily in
that order). A prize of £10 will be
awarded to the ‘best’ entry received by

is known as Wilson's

1August 1984. Please addressto MrMR
Mudge, ‘Square Acre’, Stourbridge
Road, Penn, Nr Wolverhampton, Staffs
WV4 5HF.

Please note that submissions can only
be returned if a suitable stamped
addressed envelope is provided.

Fractional Approximation
toPrimes Review—
January 1984

This problem was attacked by anumber
of readers. A careful analysis of the
results shows thata ZX81 with 16k RAM
has produced the ‘best’ result. Mr L
Faltin, Wilhelminenstrasse 147/1, A-
1160 Wien has compared orders of
approximation (...5). The use of log/
log graph paper may shrink the com-
puting time, apparently!

Decomposition of p=31 to the 5"
order may need about four days.

Is this statement true or false?
Answers to Mr Faltin or Mike Mudge.
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Brun's Constant

The sum of reciprocals overthetwin primes converges to afinite limit,

known asBrun’s Constant. Ed Rosenstiel decidedto attemptthe calculation

onamicro,andmadesome interesting discoveriesinthe process.

One learns at school that the so-called
harmonic series ‘1 + 1/2+ 1/3 + 1/4 +

1/5 + ... and soon’ diverges to infinity,
butsodoes1/2+1/3+1/5+1/7+ 111+
113 + 1217 . . ., that is, summing
similarly but only over the primes.
Schur demonstrated this in a lecture
in 1932 in Germany as follows:
Assume the contrary: that is, that the
sum ofthe prime reciprocals converges

Un<(1+1/py + Vp 2+ 1p 34+ 0% (1 +
1/p2 + 1/p22 + 1/p23 +..)*...* (1 +1/p," +
1Pm2 + 1/pm® +..)
where the p; on the right-hand side are
just the m prime factors of all numbers
from1ton.

A little bit of simple calculus then
shows that for all n:
1+1/2+1/3+1/4+1/5+..+1n

< |_| 70 = 1p) < I—l e2/Pi < exp
i=1 i=1

[2¥(1/2+ 13+ 15+ V7 +1/114+1/13 +

1717 + . . .to infinity)] = &2

by the assumption, so the RHS is finite.

Thus the sum of the reciprocals of all

positive integers is also finite, which is

false. Hence, so was the assumption.

Therefore the sum of the reciprocals of

allthe primes also diverges to infinity! .

Then Schur tantalised his audience
by mentioning some of the problems
connected with the so-called twin

is!), as to whether thelist of twin primes
ever ends; and

{ii) in 1919 Viggo Brun (who died only
recently at the age of 92) stunned the
mathematical world with a proof that
the sum of reciprocals not over all the
primes, but only over the twin primes
(eveniftheirnumbercould beshownto
be infinite) converges to a finite limit
whichis nowknown as Brun’s Constant
= say, S. '

This much | remembered when, as
part of a computer course at Birkbeck
College in Pascal, | embarked on a
project to calculate Brun’s limit.

Writing a program in Basicto listtwin
primes andtoevaluatethesumsoftheir
reciprocals is not difficult. The problem
is that to find all the twins there is no
other way butto compute almost al/the
primes, and this is a slow business on
any computer. On a Commodore PET
(since the machines operating Pascal

to some limit, say, K. primes (3,6), (5,7), (11,13), (17,19), | were too busy most of the time), | went
Then, by a formula due to Euler, we | namely: up to the last pair under 3020001, (later
have 1 +1/2+1/3+1/4+ 15+ ...+ | (i) itwasanunsolved problem(andstill | extended to 5000001), then made a
i i S(M) = Y Bran’s Constant” N=10%° N=10° N=10% - N=1000
1.80 N oo '
: “x— 0 =1.9019325 |
o~
= ~
™~
+ ~§
+ _"
“'
-+ * .
* +
: ,’ il * .
1wl .
E +
SIN) -
1‘59- e . - w'. t 3 : Y ;
Foia 1 0.10 0.20 0.30
e s ,
logyoN
Fig1 Graplg ofx= 1/l6g1oN, y = S(N)for N = 1000to 5000001 gives an estimatefor Brun’s Constant S = 1.9019325.
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graph of necessity in logarithmic
scale: that is, in powers of 10. |t looked
irregularatthelowerend, butthegentle
curve for the higher values looked
promising and I also remembered that,
according to Brun's Theorem, this
curve would approach some horizontal
line for very high values.

ltseemedagoodideatoeliminatethe
logarithmic scale, so | plotted 1/log N
instead of N on the X-axis, and also left
outthe lower values under 10000 (Fig 1)
and a straight line appeared.

It is remarkable in the wilderness of
prime numbers, to come across an
apparently straight line. Ignoring a
professional mathematician’s remark:
"... ifyoutakeanykind ofdataand keep
taking logs often enough, you will end
up with a straight line. . .", my instinct
told me this might be something
original.

Using a TI-59 program which works
outtheleastsquaresfitofa polynomial,
I soon confirmed that | hag found a

much more accurate straight line than

had it merely been deduced from a
graph (Table 1a). And some extrapola-
tions to values higher than those used
for the least squares approximation
were later found to agree with their
computer counterparts to four signifi-
cant digits!

Looking seriously at what was be-
hind these findings, | decided to retrace
the steps which had led me to such an
extraordinary result: the ‘gentle curve’
prompted me to look for some closed
mathematical expression to graph it
and | had noticed that:

a) it was convex; and

b) itwas asymptotictoaline parallel to
the x-axis by Brun'’s Theorem, so | had
thought of curves which might fit. By
chance | had hit on the right answer
straight away, namely on y=8 -1/,
the ‘upside down hyperbola’, although
I had meant to consider also y =8
=1/exp(x)ify =S —1/x would not work.

The nextstepwasto makeathorough
literature search. Brun’s Constant had
indeed been caiculated by several
workers (3,4), and the most recent
probable value given (4) was:
1.9021604 + 5 * 10-7

However, all the calculations had

assumed that the famous conjecture
made in 1923 by Hardy and Littiewood
(6) is true. This says that the number of
twin prime pairs up to some number X
is closely approximated by:
La(X) = 2¢,% Fdt/(1n t)2 ~ 2¢,X/(1n X)?
that is, neglecting terms of order
XA1nX)®, where ¢, = 0.66016181 . . is
the ‘twin prime’ constant as given by
Brent (4).

Furthermore, Brent estimates, mak-
ingthe assumption that twin primes are
randomly distributed with density 2c,/
(1nx)?, (whichimplies that Brun's series
is an infinite series): 0
that 1im S(n) — S(X) ~ dc,*xf” dt/n—
t*(Int)? = 4c,/1nX
which is the ‘Straight Line Conjecture’
that | had come up with on the PET
(Table 1b), with c,=~ 0.25*k*1n10 =

0.6596417 . ..

Does this show that, 60 years after
two brilliant mathematicians had de-
duced a (so far unproven, but, in
practice, very accurate) formula for the
number of twin primes, by taking the
opposite route, from the Straight Line
Conjecture to the Hardy-Littlewood
approximation, a mere tyro could have
discoveredthis celebratedformulaona
micro?

Computations

All computations were done on a
Commodore PET with a simple prog-
ram. These were cross-checked on a
faster ‘'sieve’ program which leaves out
division by multiples of the first primes
2,3,5,7, and 11, and other checks were
made against printouts of primes from
a TI-59 calculator.

Most results were just copied from
the VDU, but a complete printout of all
twin primes less than 100000 allowed a
manual count of 1224 in agreement
with figures previously published by
Brent (4). It was interesting to compare
the calculation speed of the sieve with
that of the simple program: it took the
latter 25.3 days to reach the twins up to
N = 1700000, while the sieve program
needed only 12.2 days, a saving of
=52%!(Thesieve programtook 54 days
for a complete run up to N + 5000001.)

From the least squares fit (Table 1a) it
will be seenthatthe value derivedfor§S,
on the assumption that the Straight
Line Conjecture is true:
that Brun’s Constant
S = 1im S(N) = S(N)+ k/log N + error

(N), N> o
isS =1.90074 . .
which agrees with Brent (4) for three
significant digits,
while fromk = 1.1396 , . ~ 4c,*1n10
we have ¢, ~ 0.6560 . . .

However, there is something rather
unsatisfactory in the above approach,
where values below some arbitrarily
chosen N are ignored for the extra-
polation to S, and it is then observed
that all higher values appeartolieona
straightline — not exactly, butto a high
degree of ‘accuracy’. (This mimics the
quite different situation in physical
experiments, where data is inevitably
tainted due to to observational errors.) |
was thus led to consider the question
whether ‘better’ estimates for Brun's
Constant might be obtainable by using
a statistical approach to curve fitting.

Withthe help ofthe Applied Statistics
Module for the TI-59 (7), | re-evaluated
the results obtained, and also com-
puted the correlation coefficient ‘r'.
Next | tried to improve ‘' by excluding
in turn one value, arguing that because
of the locally irregular distribution of
primes one particular value might
perhaps unduly influence the final
result. As was not altogether surpris-
ing, the coefficient was improved by
omitting either of the two Jowestvalues
for N, so | felt justified to omit both and
to start calculating from N = 100001
upward, using higher values for S(N),

which had come to hand. From Table 1b
N = 734001 was omitted when calculat-
ing the final figures. These were: § =
1.901932526, k = 1.14591496., there-
fore ¢,=0.6596417., where ¢ differs by
0.079%, S by 0.012% from the pub-
lished results already mentioned. (The

correlation coefficient was: r =
0.9999908.).
Conclusion

What | called the Straight Line Conjec-
tureisnotnew, butduring simple micro
computations it suggested itself in a
most obvious way; yet there was no
hint about how to estimate indepen-
dently the errors with these methods. If
one uses the most recently published
estimates for S and ¢, to calculate error
terms for each N of Table 1b; that is,
error(N) =S —~ S(N) — 4co/inn, then by a
simple calculator exercise we have:
lerror(N)| < 2/,°%%, 50 k/1nN dominates
the approximation.

An essential difference between
Brun's and other converging series is
seenwhen comparing it with Gregory’s
well-known series (which was also
discovered independently by Leibniz):
7=41 - 13 + 15 - 1/7 +— .. —
M2n=1)] + 1/n + error(N} , where the
error consists of terms of the form
constant/,(2k +1) with k>0.

Now the square-bracket expression
converges to #/4 with any desired
number of decimals, (although much
too slowly without the correction 1/n to
be of any practical use), provided that a
sufficientnumberofterrnsiscomputed
(8). To show that the same is true for
Brun’s series still requires proofs of
conjectures of one kind or another,
even if better estimates were obtained
for Brun’s Constant by the use of more
powerful computers. It will be remem-
bered that to determine S to only three
significant figures by computing its
partial sums, requires a program to
‘look’ at all prime numbers up to 101090

Until new theories are discovered,
one can still only make ‘plausible’
estimates, — however well these might
seem to fit with computation carried
out so far.

Thus the mysteries of Brun's series
still beckon: only one of the many
unsolved problems of The Theory of
Numbers.

It is not known whether Brun's
converging series S = 1/3 + 1/5 + 1/5 +
V7+ 111+ 113+ 117 + 1/19 + 1/29 +
1/31+...+ ..hasaninfinite number of
terms, but if so then it probably
converges very slowly indeed with the
largest error term = 2.64/1nN. This has
been compared with Gregory’s infinite
series for 7 which has as largest error
term 1/N, thus converging too slowly
for practical computation, but still
much faster than Brun's series. A more
well-behaved series (although a rather
trivial example) is the geometric series
G =2 = G(N) + 1/, with
GIN)=(1+12+1/4+1/8+ ..+ 1/20)
where the errorterm is exactly 1/;, and
convergence is correspondingly fast.
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Table 1a Table 1b
Plotting S(N)- Plotting S(N) against 1/10310N
against log_ N where S(N) = 3 [1/p + 1/(p+2)]
10 p<N, (p and p+2 prime)
N log N S(N) N 1/log. N S(N) least squares
10 10 fit to S(N)
51 1.708 1.2700 100001 .0.1999998263 1.67279958 1.672750.
71 1.851 1.3032 150001 0.1931958674 1.68055034 1.680546,
101 2.004 1.3310 200001 0.1886425074 1.68584216 1.685764.
151 2.179 1.3969 350001 0.1803729262 1.69527377 1.695240.
201 2.303 1.4286 500001 0.1754702774 1.70071693 1.7008585
301 2.479 1.4602 734001# 0.1704827337 1.70642789 1.706574.
501 2.700 1.4861 1020001 0.1664281031 1.71108006 1.711220.
701 2.846 1.5061 1142001 0.1650800688 1.71268937 1.712765.
1001 3.000 1.5180 1420001 0.1625411382 1.71564571 1.715674.
1501 3.176 1.5426 1500001 0.1619146983 1.71635648 1.716342.
2001 3.300 1.5549 1700001 0.1605020716 1.71802810 1.718011.
3001 3.477 1.5722 1800001 0.1598651315 1.71877363 1.718741.,
5001 3.699 1.5947 2000001 0.1587042065 1.72013171 1.720071.
7001 3.845 1.6067 3020001 0.1543208189 1.72513665 1.725094,
10001 4,000 1.6169 5000001 0.1492766778 1.73097675 1.730874.
15001 4.176 1.6279
20001 4.301 1.6359 10
30001 4.417 1.6462 2*10 0.0970776709 ———————— 1.7906898.
50001 4,699 1.6585%
70001 4.845 1.6652% 1‘1099 0.0101010101 —————= 1.8903576.
100001 5.000 1.6728*
150001 5.176 1.6806% RESULTS:
200001 5.301 1.6858*
350001 5.544 1.6953* S ~ 1.9019325.. [cf. Brent (4) who gives a
500001 5.699 1.7007#* probable value for_S as:
734001 5.866 1.7064 1.9021604 + 5%1077 ]
1020001 l6.009 1.7111 k = 1,14591496 , hence
1142001 6.058 1.7127 c ~ 0,6596417,.. and r = 0.9999908...
1420001 6.152 1.7156 2
1500001 6.176 1.7164 where r is the correlation coefficient
1700001 6.230 1.7180 computed by the TI-59 Bivariate Data
1800001 6.255 1.7188 Transform Program ST-12 (§6).
2000001 6.301 1 7201 (The starred value 734001 was not used
3020001 6.480 1.7251 for calculating these results,cf.p.7)
RESULTS:
| From the starred values IN BOTH TABLES: S = 1lim S(N)
by the TI-59 pakette(2) N—
program: S - S(N) ~ k/logloN
S =~ 1.90074.. k =~ 402/11110 and Cy = 0.,660161181
k = 1,139594148 it~ is used for 'approximately equal to’, :
c ~0.65600.. ~ means'’asymptotically equal to’ in the strict
mathematical sense (cf.LeVeque (5) ) and
c, is the 'twin prime constant’ as given by Brent (4).]
References 4 R P Brent, /rregularities in the | 1977
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This month Mike Mudge guides youthroughthe ramifications of
tree-like structures dueto Collatz.
As a student, the famous numerical | runtime andoutput; they will be judged
analyst L Collatz asked if the sequence | for accuracy, originality and efficiency This month’s prizewinner is W J
defined by: (not necessarily in that order). A |Duffinof 14 Orchard Croft, Cottingham,
an+1 = an/ 2 when a, is even together | prizeof £10 will be awardedtothe ‘best’ | North Humberside, HU16 4HG using
with a,,; = 3a, + 1 when a, is odd, | entry received by 1 September 1984. | Basic onaBBC Micro 32k, 0S 1.20, with
is tree-like apart from the root 4,2,1,. Please address entries to Mr MR [a Microvitec medium resolution moni-
By this he meant, starting from an | Mudge, 'Square Acre’, Stourbridge |tor, a Sanyo Slim 3A cassette recorder
arbitrary positive integer a; and repe- | Road, Penn, Nr Wolverhampton, Staffs | for saving programs and an MCP-40
atedly applying the appropriate formu- | WV4 5NF. printer/plotter or Olympia Compact 2
la chosen from the above pair, is there Please note that submissions can |electronic typewriter for listing and
always a value of n, which we may | only be returned if a suitable stamped | output.
denote by c(a,) such thata, = 1? addressed envelope is provided. Tele- The exceptions in question A are
Forexample: ifa, = 10,thena; X 5,a; | phone comments, both favourable and | seen to be the trivial case of all digits
=16,a4=8,a5 = 4,a5= 2,8, = 1.Thuswe | otherwise, are welcome on (0902) |equal; also the case when the fourth
write ¢(10) = 7. Itis readily verified that | 892141. differs by unity from the other three
c(152) = 24 also that ¢(18) = 21. . - when the first difference is always 999.
D H & E Lehmer together with J L Review Of Numbers COUflt It is hoped that the reproduction of
Sfe%lfridge hgveoa;nswehred th:s in the | -13- Kaprekar Numbers Bill Duffin's results to questions B & C,
affirmative for 0 less than a, less than. - together with his closing comments
10° while as recently as 1978 Corroda In addition to numerous re_gular re- upgon this problem, Wi|§|l encourage
s : ] spondents both from the continent and .
Béhm and Giovanna Sontacchi ex- | w4 .”\jk one submission introduced a other readers to try their hand at
tended the range of a, upto 7 x 10", - : ‘Numbers'.
. ge 1up .. | new efficiency parameter; being the
Now 'f.3a“ + 1isreplaced bY 3an— 11t | ratio of computer work time to prog-
seems likely that the possible trees | ., mingtimeand estimatedat 112hrs. |  Due to lack of space, results to
2‘:"9 roots (1,2..) or (514,7,20,10,.) | . one evening using Knight's extended | Question C are printed on page 209.
(17,50,25,74,37,110,565,164,82,41,122,
61,182,91,272,136,68,34,.) Valus of n
The generalisation of these two Type of
problems is due to D C Kay (Pi Mu g:"e s f ‘: g 2 J 51’ 3
Epsilon Journal, Vol 5, 1972, page 338) - :
who defines a sequence thus a .1 = (gw ] 7647) {32245:4;?; BETBANI0)
ap/pifpisafactorofa,elsea,.1 =anXxq 2 7
+ rand asks for what values of p,qandr {95553}
';r;z groblem can be completely analy- | { ¢ (6676‘3220,
Readers are invited to reproduce the s (97?;41)
results given above, and to extend {97443}
them in any natural way. Particular Ci5} 1
interest is focused upon computer 81
generated tree-like structures which el : (8751421) (876;4320,
may help to reveal the underlying @ 3
behaviour of these Collatz sequences (9775431}
—which it must be emphasised are not | | (14} 1
one-one. In general we cannot retrace . (936854321)
the history of a sequence as the inverse J -
isoftennotunique—thetree branches! QUEStIOﬂ B: tabulated {495
6174
resu I tS 1549945
5*6‘/32 . 631764
& For each cycle, one ordered n-digit' 97508421
number within the-cycle is given, from . For example, C(3) for n=8 means that
2‘4< which the others can be generated. many 8-digit numbers eventually yield
=— 1} root Thus the only self-generating num--one of  the differences 86526432,
Submissions should include prog- g_er'i untfier éhls opxzraﬂon,thgw‘ng 9 6:!6308654, 83208762 which regener-
ram listings, hardware descriptions, 'gits or Tewer, would seem 10 he: ates.
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NUMBERS |

~

Factorials & primorials

Mike Mudge explores factorials and primorials which are nearto prime.

Definitions
(i} A prime numberis a positive integer
which is divisibie only by itself and
unity. Thus the infinite sequence of
primenumbersbegins2,3,5,7,11,13 . ..
{ii) The factorial of a positive integer, n,
written nl, is defined,to be the product
of the positive integers less than or
equal to n. Thus 6! = 1X2X3X4X5X6 =
720.

The sequence of factorials begins
1,2,6,24,120,720. ..
(iii) The primorial of a prime number, p,
written p*, is defined to be the product
ofthe prime numbers lessthan orequal
to p. Thus 7* = 2X3X5X7 = 210.

The sequence of primorials begins
2,6,30,210,2310. ..
(iv) An integer, q, is said to be near-to-
prime(NTP), if, and onlyif, eitherq+10r
q-—1 are prime. (Note that if both q+1
andg—1are primethen qisthe mean of
aprime pair; see Brun’s Constant PCW,
July).
Elementary Facts.
Factorial n is NTP for n=1,2,34,6,7 . ..

since 2,3,(5,7), 23,719,5039... are
prime.

Primorial p is NTP for p=2,3,5,7,11. ..
since 3,(5,7), (29,31), 211,(2309,

2311) .. .are prime.
At least the first twenty-nine NTP
factorials and the first seventeen NTP

primorials are known; however, vir-
tually nothing is known about their
frequency of occurrence norabouttheir
significance in analytic number theory.

Problem

Readers are invited to design and
implement an algorithm for the deter-
mination of both NTP primorials and
NTP factorials; attempting to repro-
duce and, if possible, extend the
present results. Any possible sugges-
tions as to the significance of these
numbers would be most welcome,

Submissions should include prog-
ram listings, hardware description, run
time and output; they will be judged for
accuracy, originality and efficiency (not
necessarily in that order) and a prize of
£10 will be awarded to the ‘best’ entry
received by 1 December 1984. Please
address submissions to Mike Mudge,
‘Square Acre’, Stourbridge Road, Penn,
Nr Wolverhampton, Staffs WV4 5NF.
Tel: (0902) 892141.

Review — Number
Theories — March 1984

The original title was to have been
Number Theory Nostalgia to empha-
sise the dates of the original solutions.

Submissions included the first Pro

Pascal seen, from a Sirius 880 running
at 56MHz; together with the expected
Basic and Assembler programs run-
ning on NewBrain, Spectrum and BBC
Model B computers.

{a) Complete solution Math Quest Educ
Times vol 25 1876 p76. (ax®...dx%),
a+b+c+d= x,x—a=£5 ...x—d=s%x=
(1/3) (p%+ . . +s° where p=3m,
q=3m+1,r=3m+2,s=3m+3.

(b) Amer Math Monthly vol 2. 1895
ppl28-9.

(c) Amer Math Monthlyvol 5.1830p114
also vol 8. 1901 ppd8-9. Consider the
solution 3°-D, 3%,and 3°+D . ..

(d) L'intermédiaire des math vol 11,
1904, pp16-7; theonlyknownexception
is 23.

{e) L'intermédiaire des math vo! 24,
1917 pp23-41; the only known addition
being 8191 = 1+2+ +2'2 =
1+90+902,

This month’s winner is John B Cook
of 34 Joan Crescent, East Burwood,
3151 (232-2126), Australia, who used a
TRS PC-2 with printer, as necessary.

Johnused6.71 hours CPUtime on (e)
while Teilhet’s limit of 600 in (d) was
extended to 1800 in about 12 days.

Please note that submissions can
only be returned if a suitable stamped
addressed envelope is provided. END)

Quickie

Divide 10 pounds of sugar into three
portions so that three times the smal-
lest portion equals the middle portion,
and four times the middle portion
equals the largest portion.

Prize Puzzle

A test of logic this month.
Ontheisland of Nonesuchthere arefive
species of birds:
— the Auk
— the Bluebird
— the Cockatoo
—the Drongo, and
—the Egret

Four birdwatchers, Peter, Quentin,
Roger and Stanley, are located at
different parts of the island when five
different birds fly over in rapid succes-
sion. Each man makes his own identi-
fication of the birds, and the results are:

ISURE LIN

by J J Clessa
Peter Quentin Roger Stanley
Bird1 Bluebird Egret Cockatoo Egret
Bird2 Auk Auk Bluebird Auk
Bird3 Cockatoo Bluebird Drongo Cockatoo
Bird4 Egret Bluebird Egret Bluebird
Bird5 Bluebird Drongo Auk Drongo

In fact, none of the birdwatchers
identified all the birds correctly, but
conversely, no one had them all incor-
rect either. No two birdwatchers had
the same numbers of incorrect gues-
ses, and each of the five birds was
correctly identified by at least one
birdwatcher.

What were the five birds?

Answers, on postcards only, to PCW
Prize Puzzle September 1984, Leisure
Lines, 62 Oxford Street, London W1, to
arrive not later than last post on 30
September 1984

June Prize Puzzle

A massive response to the June puzzie
— almost 400 entries were received,
most of them with the correct solution.
The problem was easily solved by
micro by testing all possible 6-digit
square numbers forthe required condi-
tions. Therequired numbers (excluding
solutions with leading zeros) are:
494209=(703)
and
998001 =(999)°

The winning entry drawn at random
from the pile came from Dr David Vaux
of the John Radcliffe hospital, Oxford.
Congratulations Dr Vaux. Your prize is
on its way. [END]

PCW159

1 QR

Q /\/\l«




Binomial coefficients
The Binomial Coefficients, variously

n'
denoted by nCr or (r) are defined by

n n!
(r) = M=) where integers n and r
satisfy Otr=in; andr!=1.2.3....r,r>0;

0! = 1. For example. (%’8) = 184756.

These coefficients, whose common
occurrences include the algebraic re-

N /M A on-
sult(A+B)" =Z:(r)A B togetherwith

The Bernoulli Distribution in applied
statistics are directly available ( for
sufficiently small n and r ) on many
scientific calculators.

. nit1 n n
However, smce( r ): (r—1)+(r)

the Binomial Coefficients may be writ-
tendownusing Pascal’s Triangle. Thus:

n=

n=2 12 1
n=3 1 3 3 1
n=4 1T 4 6 4 1

The array is edged with ones, while
each interior term is the sum of the two
terms immediately above it; r is
counted along the diagonals of the
array.

Let’s turn our attention to certain
results concerning the number theore-

tic properties of the ?) asdistinctfrom

their usage
mathematics.
(1) If the binomial coefficients are

in other branches of

factorised thus: : = UV where every

factorofUislessthanorequaltokwhile
every factor of V is greater than k there
are known to be finitely many coeffi-
cients with n= 2k for which U>V.
Determine such cases fork = 3,5,7,....
Note. If k=3 then n= 8,9,10,18,82 and
162 while fork=5,n= 10,12, and 28 are
known to be the only cases for n<551,
(2) If nis a prime number greaterthan 3,
the Wolstenholmes' Theorem states

by Mike Mudge

that (2n;1) is congruent to 1 modulo

n3:

. . {2n-
that IS( n
integer. Display empirical evidence for
this theorem and consider the possible
truth of its converse.

(3) What can be said about the largest

1
)=An3+1,whereAisan

n
divisor of(k) which is less than n?
If n=k? — 1 there is a prime divisor

lessthanorequalton/kapartfrom (%2)

= 61474519.
If n<k(k + 3) there is a prime divisor
lessthan orequaltok + 1 apartfromthe

7,14,23,44,d47
cases(a) (o) (*5) () 2na(i1)
How do we best generate such

divisors? 2n
(4) When is( (') 105) = 17 That is,

when do (2nn) and 105 have no

common factor. RL Graham offered a
prize of $100 for proving that this
happened infinitely often. At least
fourteen values of n are known n =
1,10,756,. ..

lzf g(n) is the smallest prime factor of

m,
()

then g(3160) = 13 and g(n) <11 for
3160< n < 10""°. Does this help?

Readers are invited to investigate the
above problems and results with an
objective of extending empirical evi-
dence and possibly generating new
conjectures.

Submissions should include prog-
ram listings, hardware description, run
times and output. These will be judged
for accuracy, originality and efficiency
(not necessarily in that order) and a
prize of £10 will be awarded to the ‘best’
entry received by 1 January 1985.

Please address submissions to Mike
Mudge, ‘Square Acre’, Stourbridge
Road, Penn, Nr Wolverhampton, Staffs.

Review— Repunits—April
1984

Repunits have found favour far and
wide: a most elegant work, conjectur-
ing the primality of aRx + b when
a b k

3 -2 50&60
5 -2 66
7 2 66

and establishing the primality of 6Rgg +
1in less than three hours in Forthon a
Jupiter Ace arrived from Denmark.

A Sharp PC3201 using Z80 machine
code on The Isle of Mull suggests that a
prime p greater than 3 will be a factor of

Rpp-1) forn=23,...

Substantial references onthe subject
of repunits are to be found in the
paperback Repunits and Repetends by
Samuel Yates published by The Star
Publishing Company, Boynton Beach
Florida 1982.

Thismonth’swinneris Robin Merson
of 2 Vine Close, Wrecclesham, Farn-
ham, Surrey, GU104TE. Robin appeals
to any readerwho hasimplementedthe
Primality Testing Algorithm described
by H Cohen & HW Lenstra (Mathema-
tics of Computation,vol.42. Jan 1984) to
contact him on Frensham 3587 for an
‘info’ exchange with Hardy and Wright-
type algorithms.

A summary of Robin’s results fol-
lows. Further details are available from
him or myself.

Using an Apple microcomputer
several primes have been found of the
form d(n)e, where d=5,6,7 or 8 and e
has one or two digits. An embedded (n)
inanumberimpliesthe previousdigitis
repeated n times. For example, 10(4)2
stands for 100002. The largest for each
of the values of d are 5(92)21, 6(120)1,
7(99)i and 8(138)1.

Please note that submissions can
only be returned if a suitable stamped
addressed envelope is provided. [EN

Quickie

Here is a remark attributed to that
famous geometrician, Pl Thagorus:
‘Now | have a rough predictor of circle
areas and volume.’

Prize Puzzle

And now one for the micros.

In the annual festival games held at
the village of Little Dingblat in West
Sussex, the maineventisthe marathon.

This year, all the entrants were
numbered sequentially {(1,2,3...).

By coincidence, all those who com-
pleted the race carried numbers which

by J J Clessa

were either exact primes or exact
powers of other numbers. Further-
more, the total of the race numbers of
the finishers was exactly equal to the
total of the race numbers of those who
dropped out.

How many entrants were inthe race?

Answers, on postcards only, to Lei-
sure Lines, PCW Prize Puzzle, October
1984, 62 Oxford Street, London W1, to
arrive not later than 31 October 1984.

July Prize Puzzle
The problem was quite easily cracked

LFISURELINES .S
‘ N

by micro and several people sent in
their programs and printouts.

The winning entry came from Adam
Jefferson of Bradford, Yorks. Congratu-
lations, Adam, your prize is on its way.

The solution to the problem was that
the Dawsons andthe FirthsweretheRC
families—thechildren ofthese families
were given £31.25 each.

Keep puzzling.

214PCW

Oy

N f‘\




FDQF&,LM&J (/U\AA .uLer‘ \va&ﬂ

vov . 19%Y

Triperfect numbers

Mathematical mind-benders from Mike Mudge

A positive number N is called a
‘triperfect’” number if and only if
s(N)}=3N, where s(N) denotes the sum
of the positive divisors of N.

For example: T,=233.5=120 is
triperfect because 1+2+3+5+4+6+10
+15+8+12+20+30+24+40+60+120
=3.120 =360.

And: T,=2%3.7=672 is triperfect be-
cause 1+2+3+7+4+6+14+21+8+
12+28+42+16+24+56+84+168+112
+48+32+336+936+224+672=3.672=
2016.

We need not search for odd triperfect
numbers since it has been shown that
such numbers (if they exist) are:

(i) greater than 10%°, WE Beck & RM
Najar, Math Comp, vol 38, 1982, pp249-
251.

{ii) mutiples of at least 10 distinct prime
factors, M Kishore Math Comp, vol 42,
1984, pp231-233.

However, six even triperfect num-
bers are known (including T, & T,
above)

Readers are invited to design and
implement an algorithm for the deter-
mination of some or all of these
numbers.

Submissions should include prog-
ram listings, hardware description, run
times and output; these will be judged
for accuracy, originality and efficiency
(not necessarily in that order) and a
prize of £10 will be awarded to the ‘best’
entry received by 1 February 1985.

Please address entries to Mike
Mudge, ‘Square Acre’, Stourbridge
Road, Penn, Nr Wolverhampton, Staffs
WV4 ENF. Tel: (0902) 892141,

Diophantine equations

Theresponsetothisthree-partproblem
displayed the considerable interest in
the solution of equations in integers,
both by computational and algebraic
methods.

The wording of (1) was unfortunately
somewhat misleading and prompted
numerous telephone calls and letters;
copies of the Barnes paperare available
onrequest so thatthe detailed nature of
the ‘trivial’ solutions may be seen.

The fourth non-trivial solution to
(2} x =74, y=260together with a further
solution x =767, y=8672 hitherto un-
known to the writer have been found.
Are there any others?

In (3) the value x=3344161 was
incorrectly printed but this did not deter
extensive algebraic and computational
analysis.

The May prize-winneris AS Tickner of
14 Grimsdyke Road, Pinner, Middlesex
HAB 4PH.

The criteria used to justify the award
for work on an HP-98020 A calculator
are those listed together with a com-
mendable tenacity of purpose. It is
hoped that other contributors and
those interested in Diophantine prob-
lems will contact Mr Tickner in an
attempt to complete the analysis of
probiem (2) and to investigate further
unsolved problems in this area.

Quotients of Wilson
and Fermat

This proved to be a very popular
competition, probably due to the sim-
plicity of its formulation. A ZX81 ran for
32 days, a U2200 (Apple-compatible) in
Pascal used 36-digit LONGINT to dis-
play explicit values of some F,and W,,
while an Apple Il in 14 days 3 hours and
22 minutes made a major contribution.
However, several programmers were
in difficulty with unrecognised integer
overflow leading to incorrect solutions
of wp=0(p).

Nonetheless, we can now list all the
solutions of aP'=1 (mod p? for
2=<a=<31and 3=p<1040069.

ap
21093,351
311,1006003
520771,40487
6 66161,534851
7 5,491531

10 3,487

1171

ap
12 2693,123653
13863

14 29,353

1529131

17 3,46021,48947
185,7,37,331,33923
193,7,13,43,137

ap
20 281,46457
2213,673
2313
24 5,25633
26 3,5,71
283,19,23
307,160541
317,79,6451
(i) No solutions were found fora=21 or
a=29.
(ii) There are no further solutions for
a=2 with p less than 3x 107,
Considering (p-1)!=—1 (mod p?). EH
Pearson, Mathematics of Computation,
vol 17, 1963, p194 has tested all p less
thanorequalto200183andonlyp=5,13
and 563 satisfy the congruence . . .
The June prize-winner is Don Hunter
of The OIld Vicarage, Elmdon, Nr
Saffron Walden, Essex CB11 4LT;
whose ALGOL 60 programming of a 16k
Elliott 303 using library procedures for
multi-precision arithmeticranforatotal
of 532 hours.
Thelastsuchcomputerthatthe writer
heard of had been refurbished follow-
ing its removal from a tank.

Please note that submissions can only
be returned if a suitable stamped
addressed envelope is provided. [T}

| A

Brain-teaserscourtesyofJJClessa

Quickie
What temperature is the same in

Centigrade (Celsius) as it is in
Fahrenheit?

Prize Puzzle

A certain 7-digit number contains no
zeros and is not palindromic (that is, it
does not read the same from right to
left), butitdoes have the property that if
its digits are reversed, the resulting
7-digit number is a factor of the original
number. What is the original number?

Answers, on postcards only, to: PCW
Prize Puzzle, November 1984, Leisure
Lines, 62 Oxford Street, London, W1,
Entries to arrive not later than 30

November 1984. B0 ¢
]
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Mathematical mind-benders from Mike Mudge

This month sees a dramatic change in
the area of research covered in Num-
bers, a move from integer arithmetic to
floating point arithmetic.

Consider the decimal expansion of a
fraction (which for convenience will be
supposed to lie between 0 and 1). This
either terminates, for example, 73/200
= .365 or yields a repeating pattern
called a recurring decimal, say, 7/13 =
.638461 538461 538461... written
.538461. There is little of interest for us
in such cases.

However, suppose that we start with
an irrational number, which by defini-
tion cannot be exactly represented as a
fraction. What happens in its decimal
expansion?

Anumber is said to be simply normal
if each of the digits 0, 1, ...9 occur
equally often in the non-terminating
maxpansion as a decimal; furthermore, it

, said to be normal if every combina-

tion of these digits occurs with the
i proper frequency — by which we mean
i the frequency calculated on the
. assumption of randomness...the
| absence of any pattern.

A number which preserves the prop-
erty of normality in every possible
number system, including of course
binary, is said to be absolutely normal.

Now we shall restrict our discussion
to two famous irrational numbers:

(1) 'Pi’, m, theratio of the circumference
of a circle to its diameter.

Readers may wish to use the series:
7 = 1/1 (16/5 — 4/239) —1/3(16/5% —
4/239%) + 1/5(16/58°5 — 4/239%)...
approximately 3.1415926536.

(2) ‘e, the base of natural logarithms,
defined by the series:
e=1+ 11+ 1/(1.2) + 1/(1.2.3) +
1(1.2.3.4) + 1/(1.2.3.4.5) ... approx-
#=nately 2.7182818285,

Readers are encouraged to examine
and improve upon the very crude ZX81
Basic program given here.

1 DIM X(100)
2 DIMY(10)
3 DIMZ(175)
4 DIMW (60)

%

5 FAST

10 LETN =40

15 PRINT “THE CALCULATION OF E
TO ';N,” DECIMAL PLACES
YIELDS . ..”

20 LETM =4

22 FORD=1T010

23 LETY(D)=0

24 NEXTD

30 LETTE = (N + 1)* 2.30258509

LETM=M+1
LET DI = M* (LN (M) — 1) + 0.5 X
LN(6.2831852* M)

FORE =1TO 60
PRINT W(E);
NEXTE
LETJ=J + 60
GOTO 84
PRINT

98 PRINT “END"”

With each ofthe numbersrande(and
if a further chailenge is needed the
square rootand cube root of 2), readers
are invited to submit programs to
calculate any required number of de-
cimal places and to test at least for
simple normality by counting the num-
bers of each digit present in the
resulting decimal expansion.

Test Data: computed on ENIAC
around 1950 took approximately 11
hours for e with a further 17 hours for
card-handling and checking, and a total
of around 70 hours machine running
time for . Readers will appreciate how
computing has changed over the past
quarter of a century (see Fig 1).

Submissions should include prog-
ram listings, hardware description, run
times and output; these will be judged
for accuracy, originality and efficiency
{not necessarily in that order) and a
prize of not less than £10 will be
awarded to the 'best’ entry received by
1 March 1985.

Please address entries to Mike
Mudge, ‘Square Acre’, Stourbridge
Road, Penn, Nr Wolverhampton, Staffs.
WV4 5NF. Tel: (0902) 891141.

Please note that submissions can only
be returned if a suitable stamped
addressed envelope is provided. Ex-.
panded reviews of previous ‘Numbers’
problems together with, subject to the
approval of the contributor, copies of
detailed programs from the prize-
winning submission may also be
requested. [END|

35 IF DI <= TE THEN GOTO 33
36 PRINT " AN M REQUEST OF ;M
38 FORJ=2TOM
40 LETX (J) = 1
42 NEXTJ
44 LETFI =2
45 LETY(2) =1
48 FORI=1TON
50 LETCA =0
52 LETJ=H
54 LET TE = X(J)* 10 + CA
56 LET CA = INT (TE/J)
58 LET X(J) = TE ~ CA* J
60 LETJ=J -1
62 IFJ>=2THEN GOTO 54
64 IF CA — 0 THEN GOTO 68
66 GOTO 70
68 LET Y(10) = Y(10) + 1
69 GOTO 72
70 LET Y(CA) = Y(CA) + 1
72 LETZ()) = CA
74 NEXTI
76 PRINTFI; “."";
78 FORQ = 17060
80 PRINT z(Q);
81 NEXTQ
82 LETJ =61
84 IFJ>=NTHEN GOTO 97
86 LETM=J~1
88 FORD = 1TO 60
89 LETM=M +1
90 LET W(D) = Z(M)
91 NEXTD
Digit o 1 2

Fig 1

2,036 decimalsof # 184 213 210 190
2,000 decimalsofe 196 190 208 202 201

4 5 6 7 8 9
198 211 204 200 207 218
197 204 198 202 202

| LEISURELN

Brain-teaserscourtesy of JJClessa

Quickie
Their are three mistakes in this sen-
tense — can you find them?

Prize Puzzle

This one should keep the micros
Imhumming over the Christmas period. |
elieve the puzzle was originated by
trnest Dudeney but it's certainly been
around a while.
Can you find an integer which —

N

divided by 5and multiplied by 4—gives
the same result if you move the first
digit of the number to the end.

For example, suppose the number s
2615. If you divide it by 5 and multiply it
by 4 you get 2092. But if it were the
numberwe were seeking, we would get
6152.

Answers please, on postcards only,
to: PCW Prize Puzzle, December 1984,
Leisure Lines, 62 Oxford Street, London
WH1. Entries to arrive not later than 31

December 1984,

August
Prize Puzzle

The answers are as follows:
(a) The largest perfect square with
digits in ascending order is 134 689.
(b) The largest perfect square with
digits in descending order is 961.
Winner: D Haworth, Bolton, Lancs.
Congratulations!

PCW211



