Advances in Applied Mathematics N %223t 8, 2024, 13(5), 2062-2068 Hans )0
Published Online May 2024 in Hans. https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2024.135193

R AEHEEPE—HRI9OZEEZRAVIEH

& Mot
HERFE B 5 RGRF AT T E R B T, b

Wk H . 20244F4H23H; FHER: 202445170 & A H: 20244F5H28H

R

— M EEH R REAFRER T —NE B XAE NGB HE, £—HBRIIETE—NREHHEBE
MY RIACHEH n-1EBR, BEEN-ERRFIEAGTENITH, AXED THERMN
Mathematica12.0 i A THEALIER T REHE FHREET L2 —HR19Z—AN R XXHEH AL
REAERME T —15%,

KA
£—#R19, £, Mathematica12.0, P AHEHL

Proof That Repunit R19 in the
Canterbury Problem Set
Is a Prime Number

Beiye Feng

Institute of Applied Mathematics, Academy of Mathematics and Systems Science, Chinese Academy of
Sciences, Beijing

Received: Apr. 23'd, 2024; accepted: May 17th, 2024; published: May 28th, 2024

Abstract

The primality criterion of a positive integer is a meaningful and interesting problem in number
theory. Although the question of whether Repunit R19 is a prime has been solved by the n-1
method in literature, there is no introduction to a proven method in China. This article uses the
mathematical software Mathematical12.0 to prove on a personal computer that the Repunit R19
in the Canterbury problem set is a prime number. This provides a reference for proving the pri-
mality of other integers.
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1. 818

KT — AN IERECR R — A REUW RSB AR R A E SR E— AN 2 1R, B Ik
THEMLBAR R RZH0L RR R, X — BRI T FE MR . fEFTEEE b, A7 — LRk
FI% 40 Mersenne %, Ferma 305555, #xhiX sbispRIE 0%, A —SuhEk 0 AE, B0 Pipin 2495,

rEASCH,  FERHJUANEH TARAE M BN n -1 7R M0 5 48, 3 )48 2 2 SR S
n—1 TR B B0 2 R T 4E R

FEX =15, AT S B v 1 LRI S5 1, 150 245K, Lucas BI5EIEH T — NI &

B e B
SEFE 1 (Lucas, 1876) (JL[1] [2] [3]) ¥ n & —/NIEEEH, W RAAAE EES a, 5T/ NFn-10fa
AT q oL

a"* =1(modn)
a’ #1(modn),

W n g — AR
RTHDX AR, ZH SRR Lucas FI4E, (HOA SCHERTEH, B SEhr EHAR L EHEFK Luucas
RGP [ RAEEE T B R F 55T Lucas HI4%30), T2 28 %5 D. H. Lehmer [3]421H
I CUR IR AN A, REWSOSAE, MMA R, SRAFPIE A2t R AT 2 EF K 2=0M A L. E.
Dikson B Hea 42467 [4]. [2]45 1 D. H. Lehmer #2 Lucas [ 24k & N, flif523% T 55 Mersenne %
AR HCHAE) .
1927 4F D. H. Lehmer &7 | M I AL R .
JEHE 2 (D. H. Lehmer, 1927) [3]3% n s2— M EEE, IFHX n-1 BT RRE T p, £ EE a 15
a"*=1(mod n),
n-1
a’f #1(mod n)
W n g — AR
T E HELRS n L IITE MR FEAAE AN SRR FRMRN a, &0 L A
JPER), EFRHX—6BE, 1975 4F J. Brillhart, D. H. Lehmer, L. Selfridge %t fi 7 Sz ok 19— A ekt
P T R
SEF 3 (J. Brillhart, D. H. Lehmer, L. Selfridge, 1975) (JL[5] [6])#% n /& —/ IE %

n-1= plal pgz e p:‘s
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WARXS G —A> py #AAE — BB o (15
a’* =1(modn)
aji #1(modn)
M n b — R
B UAN E B ER ANIE n—1 BT A BT RE S, IR MRERAZESRAR S . B 1975 1)
WICHR M IR B n-1 AR > 0, A5 — DR RIRRE T, Bafiaf —DxEs 3 i/ E
MocieRt, XAt NI Proth E2E.
EFE 4 (Prorh [T n 2 — &L n-1=mp, Hip R MHFRHBHEHL 2p+1>Vn, FNXFF
FEIEREH a i3

a"* =1(modn)
a" £1(modn)

M n Db —A AL

TR AN EBEDR p AR — N ERE XAVRLE p ARIIEILT, JEARRA RN EE, 4
Pocklington £ 1914 42 M —ANE B, w LARERRIX —BRH], AT AT LA H DL 1 e 2

5E B 5 (Proth, Pocklington) ([7] [8])#% n—1= PR, HH F & n—1 B T4 7 R 0030 40 (BP 2 A 2= [
T RILFX), R £ n—1HARIEE (BT R =”?_l , WATARIE &R REOE A E, s R EmE e 2 —
MEFEHAREHEE M ER T AR VFEF>Vn, HFER) =1, HX FHENKET p,, HAFEE—
ANERER o 1513

a'* =1(modn),

{ai”i —1,nJ=1,

M n b —NEE
2. AR BIF

AT RPN AR A 3 ) R19 2 R BAUE, [T S e, HEB T 7] A S EAR
SRR, IHEAER. N TRUNETR, ASURA——ICAXS L, BARSEH[71H R R R, 35
B F AT X0 B AR SCRN[ 715 ] 1

il 1. EFH 4093 & Z 3

KEHFHE + —NFRREEr R

WFAH ¥ n=4093, Min-1=4092=31x11x3x22,

p=31, p,=11, p;=3, p,=2.

n-1 n-1 n-1 n-1

Ha=2, Mm=2" =22, m2=2";2=2372, m,=2% =21, m, =P =2%%,
XA 4093, A

2'°=1024, 2°=1024°=768, 2°=768"=432, 2% =768°=243,

2'% =432%243=2651, 2* =1024x768=576, 2% =576x4=2304
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2% = 2651x 2304 = 1148 £ 1(mod 4093) (1)

220 = 26512 =120, 2% =2651°=120, 2% =2'"*=1024°=576,
2% =576x2=1152, 2% =1152°=2355, 2% =2355°=10,
2°"2 =10 =100 # 1(mod 4093) (2

240 =1202 =2121, 28 =2121>=434, 2% =120x434=2964,
N0 =432 =1747, 2% =1747* =2724, 2*® =2724x256=1534
21116 = 2372><3 = 1003 = 1308
213 = 2799 % 2'11° =1534 x1308 = 902 % 1(mod 4093) ©))

22000 = 99642 =1718, 2% =432x64 =3090
2% =1718x3090 = 4092 = —1(mod 4093) (4)

2'%” =1(mod 4093) ®)

H1(1)~(5) M52 B 2 R4 4093 A& — &8k

{5 2. ERA 823,001 &&= — P E%

ABIHF5H + Matheatical2.0 5€ ik

iER] % n=823,001, 1 n-1=823000=1000x823=mp H:r m=1000, p=823 & —NEH.

2p+1=1847 > 908> /823001 =/n » (6)
XA 823,001, Bla=2, U
29 =1024, 2% =1024% =225575, 2% =225575x8=158598,
2% =225575x 32 =634392 , 2% =634392° =782658, 2'° =782658" =484672,
2% = 484672° = 241157 , 2*° =241157* =155985, 2°° =155985° =118661 ,
2" =2 =118661x 241157 =186007 % 1(mod 823001) )
2% =118661x158598 = 656412 , 2'** =656412% = 301201,
2%% =301201° =173168 , 2*"° =173168x656412 = 770101,
2%2% = 770101% = 206600, 2'*® = 2066007 = 259137 ,
2°%7 =143927 x 770101 = 380357 , 2***° =380357% = 216664 ,
2°5% = 216664 =134857 , 2'%%7° =134857 x 380357 = 266624 ,
220 = 2666247 = -1, 20 =(-1)° =1,
2n—1 = 2823000 = 2411500)(2 = 12 = 1 (8)
H1(6) (7) (8)F15E 2 4 RI15 833,001 &R %o
3. £—# R19 B EHAYIERA

4—4¥(Repunits) 2 8 S B 72 1 By, — B Rn &R, Hibnfa4—80h 1 4871 [8] [9]
[10]). 7E 1904 < HhR MR A T MEREE R (O], B —NHEE 111 (1941 D2 he— MR, X
B—EHEA AR, BEF 1978 LS, TR AR AN n—1 J5iue 7 s iml 8, (5365 WE AR g
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ERI7]-[18]). AESCHR[7] 4 T —MIER, A dr X ME IRt L 17— LR AT R T
BMAEB]F#n=11---1 (191 1), H¥in-1=FR, HH F =3333330=2x3?x5x11x31x37x91, HT &
R R IR TR n 1R T, T n-10F80E 91 XA, PRI — MR RAR R4 R, TR AT
TR T)-

PR 524 85 Bh T Mathematical2.0 S flit 5.

FIHRATIEY R19 22— R4

#n=1111111111111111111, W n-1=1111111111111111110= FR
Forft F —1062200058 = 52579 37 x13x 7 x3x 2, R=""1

o

T 10622009582 —1111111111111111111>0, Frbh

F =1062200958 > +/1111111111111111111 = /n
F= PP, P3P, PsPs
Hrpp =52579, p,=37, p,=13, p,=7, Ps=3, Pg=2-
S n=1111111111111111111 4

n-1
m, =

©)

=333667x37x19x13x11x7x5x3?x2

P
X Py Py, Py Py =2, W
2%%%%7 = 686033429761844421 =, ,
%" = 686033429761844421°"° =10833065941756886 =, ,
ry’ =10833065941756886% = 25038712834380145=r, ,
r;° = 25038712834380145" = 659804149831953774 =, ,
r,® = 659804149831953774" = 219095598444019794 =, ,
I, =219095598444019794" = 314626805515060544 =1
1> = 314626805515060544% = 933000903779960656 = r, »

2"t = (mod n) =r° (mod 1111111111111111111) =1
n-1

(10)

m, = =21132222201090 = 333667 x 37 x19x13x11x 7x5x3* x 2,

P

23357 = 686033429761844421=r,, ,

2 37x333667 37

=1y =980823581211748537 =1, ,
213NN = 3 =1077616254044116588 =1, 5
213ANAAIOT = 78 = 62778917655367695 =1, 5

2HPATANSTIIT = it =191685422932804908 = I »

25><7x11><13><19><37><333667 = rﬁ_)S =648182400500105952 = 67

2rr\1 = 22><32><5x7><11><l3><19><37x333667 = I?&is =390068371006902754 ,

(2™ -1n)=1 (11)
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n-1 =333667 x52579x19x13x11x7x5x3Z x2,
P,

m, =

21943417532 _ 898498136044625569 = I, ,

2333667><19><13x11><7><5><32><2 = r2?3-33667 =564791157091879790 = r22 s
2™ = %" = 207863854007559622
(2™ -1,n)=1

n-1
m, =

(12)

Ps

=333667x52579x37x7x3 %2,

232 = 716086219179556333 = 1, »

2333667><37><7><32><2 _ 333667 _
= r31 =

572163650030706066 = I, s

2™ =;7°" =786092545290328404 ,
(2™-1n)=1

n-1 =333667x52579x37x19x13x11x5x3F¥ x 2,

P,

m, =

(13)

2SI _ g5A564979521137587 = T, »

22><32><5><ll><13><13><19><37><333667 = r4:?[33667 =291103097675451058 = r42 ,
2™ =" = 624671632919673247 ,

(2™ -1n)=1 (14)
Xt Pss Ps » ra=3,

FHIOPANITINET = 413091562820750497 = I,

32><3><5><7><11><l3><19><37><333667 — r333667 —
ER =

719013698222911823=r,, ,
3™ = 2" =933000903779960656 ,

(3™ -1n)=1
n-1

m, » =3 x5x7x11x13x19x 37 x52579 x 333667 ,
6

(15)

3oL  439165546220198935 = Ty,
3O TALIIATIIT 4391 65546220198935°° =125757480451062679 =T, »
3" = 75" =125757480451062679°°7° = -1

(3™ -1n)=1 (16)
HH(9)~(16)F15E ¥ 5 B3 R19 /&2 — & HL.
W ASCHIBF I8 3 T 7R3 T 200 i — R4 7 vk R L BRI ARG R, BRI B
FHACH A2 ik T R19 MR o X AT R ) 4 —Fh 35 77k, IASCI 53 H X Ry v B
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