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THE _PERIOD OF THE CCHM

. The CCi& has five wheels of which the center steps every time,
and the others irregularly.

Designuting the wheels by 1,4,3,4,5, in order, the 3 wheel
-steps continually, the 2 and 4 wheels stepping is under con-
trol of the 3 wheel, and the 1 and 5 wheels step under the
tne influsence of the 2 and 4 wheels respectively.

Since the stepping of the 4 and 5 wheels is similur (differ-
ing conly in the notches) to the stepping of the 2 and 1 wheels,
we noced only discuss the motion of the 3-4-~5 systen,

Let there be k nmotches on the 3 wheel which induce the motlon
P of the 4 wheel,

Ca8E I k 1s relatively prime to 20,

After the 3 wheel has revolved 2¢ times, each of the K notches
has stepped the 4 wheel 26 times. Hence the 4 wheel has
stepped 26k times or k complete revolutions,

hen the 4 wheel comes to the A position under the influence
of (say) the lst notch of the 3 wheel it stays until the 2nd
notch of the 3 wheel moves it on to 5 position. The time
elapsed in the A position 1s the Interval on the 2 whesl be-
tween the flrst and second notches. During the cycle the &
poaition 1s attained under the action of each of the XK notches,
ané the total time elapsed in the 4 position is the sum of
tne intervals on tho 2 wheel between the first snd second
notches, the second :nd third notches, the (k~l)st ana kth
notches und the kth and lst notches, This sun is clearly
once around the wheel or 26,

£~ By & similar argument each position of the 4 wheel is up 26
times during the cycle, Hence the 5 wheel has been kicked
26 times by each notch of the J wheel and hence has turned
an integral nusber of times, )

This shows that under the hypothesis k-relatively prime to 26,
(where ¥ is the number of notches on the center wheel) the
period is 676,

CASE II. k Is an even nuuwber, 2u.
After 13 revolutions of the 3 wheel, the 4 wheel has advanced
12 x 2m = 26m positions or m complete revolutions.
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As before, if the A position of te 4 wheel 1s caused by the ist
R noteh of the 3 wheel, the A position remains for an interval
equal to the intervual between lst and £nd notches of the 3 wiheel,
Puring the 13 revolutions of the 3 wheel, the i position of
the 4 wheel comes up m times under the influence (in sowme order)
of the lst, 3rd, 5th, (Qm-l)st notches of the 3 wheel and the
totul time elapsed in the A positlion is the sum of the inter-
vals on the 2 wheel betweern the let and 2nd notches, the 3rd
ana 4th notches, the 5th and 6th notches, ee.s, and the (cm=l)st
«nd 2m th notches, Let this sum be . The B position of te
4 wheel comes up frou the Znd, 4th, 2m th notches of the 2
wheel, and the totul elapsed times Che sum of the interval
between the 2nd :nd 3rd notches, the 4th w«nd 5th, saeyp and
the 2= th anu lst notches. This suaz is 26-g. The C position
comes up from notches 1, 3, 5, ... Ou tite 3 wheel, aud the
PN total elaypsed tilme 1s . fhu: the positions A,C,E, see, ¥
have elapsed time q, «nd the positions B,D,F, e, & have
elapsed time 26-q.

THE °ERIOD OF THRE CCi (Continued)

The total zmount of kick received by the 5 wheel is

qry +(26-q)ry .
where ry is the number of notches of the 4 wheel in positions
iyCoE, ees, ¥, id Tp is the number of notches of the 4 wheel
in positions B,D, esee 24

The cycle of the whole 3-4-5 system depends on the factors
common to qrjyt (R6-q) ry and z6,

The cycle is 338 if
qry + (26-g) ry - o (mod 26)

i.e, a(ri-rz) = o (mod 26)
P . Thus the cycle 1is short if
) l‘l) I‘l = r2

b) Q=13 and ry -Tp =0 (moad 2)

Since 8%l wheels have an even number of notches to prevent a
short cycle occurring as in Case I, condition b) is simply q = 13,

Geveral wheels in the present gset have been exumined und sgeveral
satisfy condition a). f(ihen such a wheel 1s in position 4 the
cycle of the 3-4~5 system is 338, Similarly when such a wheel
is in position 2 the cycle of the 3-2-1 systew is 3¢ and the
cycle of the whole wachine 1s short,

If no wheels satisfy either a) or b) on either rium, then the
minimum period would be 4394 letters.




