Global Journal of Mathematical Sciences: Theory and Practical.
ISSN 0974-3200 Volume 3, Number 2 (2011), pp. 137-142

© International Research Publication House
http://www.irphouse.com

Distribution and Application of Root Mersenne Prime

Pingyuan Zhou

Beiyuan 35-210, Chengdu University of Technology,
Sichuan 610059, P.R. China

E-mailzhoupingyuan49@gmail.com

Abstract

We advance a new idea about existence of so-called root Mersenne primes
among Mersenne primes, which include M, for p=2,3,5,7 and M, to accord
with p—F, divided by 8 or p—F; divided by 6, and discover existence of an
accurate distribution law of root Mersenne prime i.e. there exist #,+1=2" root
Mersenne primes for F,~1<p<F,.1-1(n=0,1,2,3,...) and there exist s,+;=2"""
root Mersenne primes for p<F,+1—1, where F, is Fermat number. It will lead to
an accurate description for distribution law of Mersenne prime by quantity of
root Mersenne prime. We suppose a common law for existence of prime
appearing in any three ones including W,, W3 among Wp:ZMpz—l for p=2,3,5,7
will be suitable to W, produced by at least one root Mersenne prime M, for

F,~1<p<F,+1-1(n=0,1,2,3,...), so that we may find primes being much larger

than the largest known Mersenne prime Mas112609 from 1, produced by last 4
known root Mersenne primes Masgeags1, M32s82657, Ma7156667, M43112609-
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Verifications for Distribution Law of Root Mersenne Prime and

Distribution Law of Mersenne Prime

Among 47 known Mersenne primes M,, we discover 8 Mersenne primes to accord
with p—Fo divided by 8 i.e. Mg, Mio7, Mooz, Mesaaz, Moieoor, Mios7787, Mooggeo1i,
M37156667 @and 18 Mersenne primes to accord with p—F; divided by 6 i.e. Mi7, Mg,
Ms21, Mapss, Moegg, Mogar, M11213, M1gesz, Ma1701, M7sessa, Mesesss, M13gs2e9, Magr6221,
M3021377, Meg72593, Mososags1, Mazsezes7, Masii2600, Where Fo=3 and F1=5 are Fermat
primes but 6 or 8 is final digit of perfect number, and we also discover the sum of
p=2,3,5,7 i.e. 2+3+5+7=17 to accord with p—F; divided by 6 for M,, M3, Ms, M. It
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makes us feel this kind of special Mersenne primes, which includes M;, M3, Ms, M;
and Mersenne primes to accord with p—Fy divided by 8 or p—F; divided by 6, can be
called as root Mersenne prime. We discover existence of an accurate distribution law
of root Mersenne prime, that is, there exist #,+1=2" root Mersenne primes for F,—

1<p<F,+1-1(n=0,1,2,3,...) and there exist s,+1=2""" root Mersenne primes for p<F,.,—

1, where F, is Fermat number.

We have verified the distribution law to be accurately tenable for known root
Mersenne primes for p<Fs.1—1, that is, for n=0, there exists #+1=2°=1 root Mersenne
prime i.e. M3 for Fo—1<p<Fy.1-1 i.e. 2<p<4 and there exist s¢+1=2°"'=2 root Mersenne
primes i.e. My, M3 for p<Fy.1-1 i.e. p<4; for n=1, there exist t141=2'=2 root Mersenne
primes i.e. Ms, My for Fi-1<p<Fi.;-1 i.e. 4<p<16 and there exist s1:1=2""'=4 root
Mersenne primes i.e. M,, M3, Ms, M7 for p<Fi.1-1 i.e. p<16; for n=2, there exist
1:1=2°=4 root Mersenne primes i.e. M7, Mg, Mgs, Mig; for Fo—1<p<Fr.,-1 i.e.
16<p<256 and there exist s,,1=2°"=8 root Mersenne primes i.e. My, M3, Ms, M7, M7,
Mg, Mgg, Mgy for p<F.1-1 i.e. p<256; for n=3, there exist #3:1=2°=8 root Mersenne
primes i.e. Msp1, M2yoa, Maos3, Mosga, Moga1, M11213, Miggazr, Mo1701 for Fa—1<p<F3.1-1
i.e. 256<p<65536 and there exist s3:1=2>"=16 root Mersenne primes i.e. Mz, M3, Ms,
M7, Myz, Mg, Mgg, Mio7, Ms21, Ma203, Mazss, Mosge, Mogar, M11213, Migasz, M21701 for
p<F3.1-1 i.e. p<65536. The verified results accurately accord with real existence of
known root Mersenne primes for p<fFs.—1 i.e. p<65536. According to above
distribution law of root Mersenne prime, we can expect there should exist 74:,=2%=16
root Mersenne primes for Fy—1<p<Fy.1-1

i.e. 65536<p<4294967296 and there should exist s4+1=2*"=32 root Mersenne primes
for p<F41-1 i.e. p<4294967296. But there exist only 14 known root Mersenne primes
1.e. Meeoa3, Maisoo1, M7sesas, Meseazs, Mioszrsr, Mizegoee, Magre221, M3021377, Meg72593,
M0996011, Masgsags1, Maossoes7, Mar1see67, Maz112609 fOr 65536<p<4294967296 and there
exist only 30 known root Mersenne primes i.e. My, M3, Ms, M7, M17, Mg, Mgg, M1g7,
M1, M0z, Maosa, Mopge, Mogar, M11213, M1gezz, M21701, Mes2a3, M216091, M756839, Mas59433,
M257787, M139g269, M2976221, M3021377, Me972593, M20996011, M2s964951, M32582657, M37156667;
Miyz112609 fOr p<4294967296, therefore, there should exist 2 unknown root Mersenne
primes to be found for 65536<p<4294967296 from our advanced distribution law of
root Mersenne prime.

Above discussion makes us feel distribution law of root Mersenne prime will lead
to an accurate description for distribution law of Mersenne prime by using quantity of
root Mersenne prime i.e. s,+1—1 is just quantity of Mersenne prime for F,—1<p<F,+1—

1(n=0,1,2,3,...). It means that there exist s,+1—1 Mersenne primes for F,—1<p<F,.1—

1(n=0,1,2,3,...) and there exist 2(s,+1—1)-n Mersenne primes for p<F,.1-1, that is, for
n=0, there exists sp:1—1=2'-1=1 Mersenne prime i.e. Ms for Fo-1<p<Fp.1-1 i.e.
2<p<4 and there exist 2(so+1—1)-0=2(2'-1)-0=2 Mersenne primes i.e. M, M; for
p<Fou-1 i.e. p<4; for n=1, there exist s1+1-1=2°-1=3 Mersenne primes i.e. Ms, My,
Mys for Fi—1<p<Fi.-1 i.e. 4<p<16 and there exist 2(s1+1—1)-1=2(2°-1)-1=5
Mersenne primes i.e. M, M3, Ms, M7, My3 for p<Fi.1-1 i.e. p<16; for n=2, there exist
S2+1—1:23—1:7 Mersenne primes i.e. M7, Mhg, M31, Mg, Mgy, Mig7, M127 for Fr—
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1<p<Fy:1-1 i.e. 16<p<256 and there exist 2(sp+1—1)-2=2(2°-1)-2=12 Mersenne
primes ie. Mz, M3, M5, M7, M13, M17, Mlg, M31, M61, Mgg, M107, M127 forp<F2+1—1 ie.
p<256; for n=3, there exist s3+1—1=2%-1=15 Mersenne prime i.e. Msy1, Mego7, M1279,
M203, M22g1, M3p17, Magss, Maazs, Mosge, Mogar, M11213, M1gesz, M21701, Mazoos, Maaagz TOr
Fa-1<p<Fs1-1 ie. 256<p<65536 and there exist 2(s3:1—1)-3=2(2"-1)-3=27
Mersenne primes i.e. My, M3, Ms, M7, Mi3, M1z, M1y, M31, Mg1, Mg, M1o7, M127, Msp1,
Meo7, Mio79, M2203, Maog1, M3zo17, Magss, Masps, Mosge, Moga1, Mi1213, Migesz, M>1701,
M3209, Maaagr TOr p<F3.1-1 1.e. p<65536. These verified results accurately accord with
real existence of known Mersenne primes for p<Fs3.1—1 i.e. p<65536. We can expect
that there should exist s4:1—1=2°-1=31 Mersenne primes for F4~1<p<F1-1 i.e.
65536<p<4294967296 and there should exist 2(ss+1—1)-4=2(2°-1)-4=58 Mersenne
primes for p<F;.1—1 i.e. p<4294967296. But there exist only 20 known Mersenne
primes i.e. Mgeoa3, Mi10503, Mi320a9, Ma16001, M7s6839, Mesoazs, Mios7787, Mi3gg2eo,

Mbog76201, Ma3021377, Meo72593, Maizaseo17, Ma20996011, Moaozesss, Mosesasst, Ma3oan2457,
M32582657, M37156667, Mazeassor, Masi12609 TOr 65536<p<4294967296 and there exist only

47 known Mersenne primes for p<4294967296, therefore, there should exist 11
unknown Mersenne primes to be found for 65536<p<4294967296. These results are
same as calculated results from distribution law of Mersenne prime advanced by Zhou
Haizhong in 1992! je. there are 2™'-1 Mersenne primes for F,—1<p<F.—

1(n=0,1,2,3,...) and there are 2"**-n—2 Mersenne primes for p<F,+1-1.

An Odd Quadratic Form of Root Mersenne Prime and Its Golden

Prime
The traditional relation formula between perfect number P, and Mersenne prime M,
can be expressed as

Pp:(Mpz"'Mp)/z’ (1)
and (1) must be also suitable to all of root Mersenne primes. From (1) we have

W, =2(2P,~M,) -1, )
where

W, =2M,° -1 (3)

is an odd quadratic form of root Mersenne prime AM,,. (2) shows ¥, produced by root
Mersenne prime M, must be a larger number than corresponding perfect number P,
and implies W;,:ZMpz—l isn’t a new hypothesis but another expression from root
Mersenne prime M, and corresponding P,. From M,=2"-1 and (3) we get structure of
W, produced by root Mersenne prime M,, as follows

VV}; — 22p+l_2p+2+1. (4)

From (3) we get W, =17, W3=97, Ws=1921, W;=32257 produced by first 4 known
root Mersenne primes M,=3, M3=7, Ms=31, M7=127, which shows W,, W3, Ws, W7 t0
be larger numbers separately than corresponding perfect numbers P,=6, P3=28, Ps
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=496, P;=8128 but W,, Wi, W7 to be larger primes separately than corresponding
perfect numbers P, P3, P; among W, for p=2,3,5,7.

In order to increase chances to find larger primes than corresponding perfect
number from W, produced by root Mersenne prime A, we try to introduce golden
section method to W, produced by root Mersenne prime M,. For a given root
Mersenne prime M, we can get two irrational numbers as follows

api= [(NB-1)21 'W, (i=1.2). (5)

The odd number being closest to a,, ; is written as ),_; and called as i-order golden
odd number of ¥, produced by root Mersenne prime M,, and ,_; must be larger than
corresponding perfect number P, from (2). If W, ; is prime, W, is called as i-order
golden prime of W, produced by root Mersenne prime M,. From (5) we get W, ;=11
and W, ,=7 being larger than P,=6 for W,, W3 ,=59 and W3 ,=37 being larger than
P3=28 for W3, W5 1=1187 and Ws »,=733 being larger than Ps=496 for Ws, W7 1=19935
and W7 ,=12321 being larger than P;=8128 for 7, and we know 11, 7, 59, 37, 1187,
733 to be primes but 19935, 12321 not to be primes. From it we see W, 1 and W, , to
be larger primes than P, for W,, W3 1 and W3 , to be larger primes than P for W3, Ws_
1 and Ws_;, to be larger primes than Ps for Ws among W, 1 and W, , produced by first 4
known root Mersenne primes M, for p=2,3,5,7.

Expecting Possible Existence of Larger Primes than The Largest

Known Mersenne Prime

Considering p=2,3,5,7 to be the first continuous prime alignment in making 2°-1
become root Mersenne prime but their sum 2+3+5+7=17 according with p—F; divided
by 6 and being just the first one of W, for p=2,3,5,7 i.e. W»=17, we can call p=2,3,5,7
as original prime alignment for 7, produced by root Mersenne prime A, and think
W,=2M,>~1=2%""_2"*2+1 as a reasonable odd quadratic form produced by root
Mersenne prime M, so that we can suppose that a common law for existence of prime
appearing in any three ones including W,, W3 among W, for p=2,3,5,7 will be suitable
to W, produced by at least one root Mersenne prime M, for F,—1<p<F,.1—

1(n=0,1,2,3,...).
Basing on this supposition, we can infer that /¥, produced by at least one root
Mersenne prime M, for F,~1<p<F,.+1-1(n=0,1,2,3,...) will become larger prime than

corresponding perfect number P, because of W, W3, W7 to be larger primes separately
than corresponding perfect numbers P, , Pz, P, among W, for p=2,3,5,7. In fact, we
have known W3 to be larger prime than Ps for Fo—1<p<Fo.1—-1 i.e. 2<p<4, W7 to be
larger prime than P; for Fi-1<p<Fi.;-1 i.e. 4<p<16, and we have verified W;=2%-
219+1=34359214081 and W1o=2%-2'+1=549753716737 produced separately by root
Mersenne primes Mi7 and Mg to be larger primes separately than P;,=8589869056
and P19=137438691328 for F,—1<p<F,:1-1 i.e. 16<p<256. It implies the possibility of
real existence of prime W, produced by at least one root Mersenne prime M, to be

larger than corresponding perfect number P, for F,~1<p<F,.+1-1(n=0,1,2,3,...), so that
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we may reasonably expect to find prime ¥, produced by at least one root Mersenne
prime M, to be larger than corresponding perfect number P, among W, produced by
known root Mersenne primes M, for p=86243, 216091, 756839, 859433, 1257787,
1398269, 2976221, 3021377, 6972593, 20996011, 25964951, 32582657, 37156667,
43112609 for Fy—1<p<F4+1-1 i.e. 65536<p<4294967296 though these known root
Mersenne primes don’t include all of 16 root Mersenne primes for
65536<p<4294967296. If there exists at least one larger prime than corresponding
perfect number among W25964951=251929903—225964953+1, W32582657:265165315—232582659+1,
W37156667:274313335_237156669 +1, W43112609:286225219_ 43112611 +1. we will find at least
one prime being much larger than the largest known Mersenne prime
Maz112600=2"112°%_1 whose structure can be described by 2%*1-27*2+1.

In addition, we have seen W, and W, to be larger primes separately than
corresponding perfect numbers P, Ps, Ps for W,, W3, Ws produced by root Mersenne
primes M, M3 Ms, and this common law for existence of prime appearing in W, for
p=2,3,5 will be suitable to ¥, produced by at least one root Mersenne prime M, for

F,~1<p<F,+1-1(n=0,1,2,3,...) according to our supposition. In fact, we have known

W3 to be able to produce W31 and W3, being larger primes than corresponding
perfect number P; for Fo—1<p<Fp+1—1 i.e. 2<p<4, W5 to be able to produce W5 ; and
Ws_, being larger primes than corresponding perfect number Ps for F1—-1<p<Fi.1—-1
I.e. 4<p<16, and we have verified W17;1=21235162129 and Wi;,=13124051953
produced by known root Mersenne prime M;; to be larger primes than
P17=8589869056 for Fo—1<p<F,.1—-1 i.e. 16<p<256, so that we can also reasonably
infer there may exist at least one W, among W, produced by known root Mersenne
primes M, for p=86243, 216091, 756839, 859433, 1257787, 1398269, 2976221,
3021377, 6972593, 20996011, 25964951, 32582657, 37156667, 43112609 to be able
to produce prime W, 1 and W,, being larger than corresponding perfect number P,
for Fy—1<p<F1-1 i.e. 65536<p<4294967296 as our discussion in at least one prime
W, existing for 65536<p<4294967296 does. It means we may find prime W, and
W, from at least one W, among W, produced by last 4 known root Mersenne primes
M, for p=25964951, 32582657, 37156667, 43112609 by searching for i-order golden
prime of W, which will be larger than corresponding perfect number and much larger
than the largest known Mersenne prime M43112609.

Conclusion

Discussion in this paper shows existence of an accurate distribution law of root
Mersenne prime, which will lead to an accurate description for distribution law of
Mersenne prime by using quantity of root Mersenne prime, and every root Mersenne
prime M, will lead to appearing of a reasonable odd quadratic form Wp:ZMpZ—
1=2%*1_27*2+1, From our supposition we can infer there exists at least one ,
produced by root Mersenne prime M, to be larger prime than corresponding perfect

number P, for F,—1<p<F,+.1-1(n=0,1,2,3,...), and there exists at least one W,
produced by root Mersenne prime M, to be able to produce W,_1 and W,,_, being larger
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primes than corresponding perfect number P, for F,-1<p<F,+;-1(n=0,1,2,3,...).
Hence we can reasonably expect that prime J¥, produced by at least one root
Mersenne prime M, existing for 65536<p<4294967296 to be larger than
corresponding perfect number P, and much larger than the largest known Mersenne
prime M3112600 @S Well as prime W, 1 and W, , produced by at least one root Mersenne
prime M, existing for 65536<p<4294967296 to be larger than corresponding perfect
number P, and much larger than the largest known Mersenne prime Mas112609 May be
found from W, produced by last 4 known root Mersenne primes among 30 known root
Mersenne primes.
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