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ONSOMESMARANDACHEPROBLEMS 

Edited by M. Perez 

1. PROPOSED PROBLEfvI 

Let II ~ 2. As a genera lization of the illteger part of a number one defines the Inferior 
Slll<lrandache Prime Part as: IS P P( 1/) is the largest prime less than or equal to II. For 
ex~mple: ISPPUJ) = j because 7 < 9 < II. "Iso ISPP(13) = 13. Similarly the Superior 
Smara.ndilche Prime Part is defined M: SSP P(II) is sma.liest prime grei\ter thi\n or equi\l to 
II. For example: SSPP(9) = 11 beci\use 7 < 9 < II, also SSPP(13) = 13. Questions: 
I) Show that i\ number I' is prime if i\nd only if 

IS'P?(!,) = SSPP(p). 

2) Let k > 0 be a given integer. Solve the Uiophantine equi\tion: 

ISP?(.r) + SSPP(;r) = k. 

Solution by Hans Gunter, Koln (Germany) 

The Iliferior Snwrilndache Prime Part., ISPP(n). does not exist for n < 2. 
I) The first quest.ion is obvious (Carlos Hi\·era). 
2) The secolHl question: 

iI) If l· = 21' <lnd i' =pri'rne (i.e., l· is the double of i\ prime), then the Smi\fi\ndache 
diophantine equation 

ISPP(.r) + SS?P(.r) = 2p 

hilS on<" solutiou only: .r = I' (Carlos Ri\·era). 
b) If l, is equal to the sum of two cOllsecutive primes, l' = pIn) + p(n. + I), where p(m) 

is t.he m-th prime. t.hen the above Smilrandilche diophi\ntine equation has many solutions: 
ilil t.1H? illl.rgrr~ Iwl.lI'rrn 1'(11) ilud 1'(11 + 1) [or courSE', I.he <:'xtrr.IIIE'~ 1'(11) and fJ('~ + 1) arc 
E'xclndedl. Excepl. t,hf.' casf.' k = !j = 2+ :3. wilell this' eqlli\tion has no solution. The slIb-cilses 
whr.n this eqnat.ion has one solution only is when p(,,) and p( n. + 1) are twin primes', i.e. 
p(,,+I)-p(") =:!, amI then the solution isp("Hl. Forexi\mple: ISPP(;r)+SSPP(,r) = 24 
has t.he only solution .r = 12 because 11 < 12 < 13 a.nd 24 = 11 + 13 (Teresinha DaCosta). 

Let's consider an example: 

ISPP(.l'j + SSPP(.I') = 100, 



because 100=-l i +i:l (t.wo consecuti\'e primes), then .1' = -IS, -I'}, !'i0,!'i I, and 52 (all the int.egers 
between -li and ;j:l). 

ISPP(-lS) + SSPP(-IS) = -Ii + .5:3 = 100. 

Another example: 
ISPP(.r) + SSPP(.r) = 99 

has no solution, because if .r = -Ii then 

ISPP(-li) + SSPP(-li) = -li + -li < 99, 

and if .r = -IS then 

ISPP(-l8) + SSPP(-I8) = -IT + .5:3 = 100> 99. 

If .1' :S -li then 
ISPP(.r) + SSPP(.r) < 99, 

while if .1' ~ ·18 then 
ISPP(.r) + SSPP(.r) > 99. 

c) If k is not equal to the double of a prime, or k is not equal to the sum of two consecutive 
primes, then the above SllIarandache diophantine equation has no solution. 

A remark: \Ve can consider the equation more general: Find the real nUlllber .1' (not 
necessa.rily integer number) SIKh that 

/.':o'PP(.I') + :3S'J'['(.I') = k, 

where l. > O. 
Example: Then if l· = 100 then ,(0 is any real uumber in the open interval (-17, !'i:3), 

therefore infinitely llIany real solutions. \Vhile iilteger solutions are only five: ·18, -19, ::;0, .51, 
.52. 

A criterion o[ primality: The integers I' and ]' + 2 are twin primes if and only if the 
diophantine smarandacheiau equation 

ISPP(.r) + SSPP(.r) = 2], + 2 

has only the solution .1' = I' + 1. 
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2. PROPOSED PROBLEM 

Prove that. in the infinite Smarandache Prime Base 1,2,:3,.5,i,l1,1:1,... (defined as all 
prime 1ll11l1bers proceeded by 1) any positive integer ca.n be uniquely written with only two 
digits: 0 and 1 (a linear combination of distinct primes and integer 1, whose coefficients are 
o and 1 only). 

Unsolved question: \Vhat, is the integer with the largest number of digits 1 in this 
base? 

Solution by Maria T. Marcos, Manila, Philippines 

For example: 12 is between 11 and 1:3 t,hen 12=11+1 in SPB. or 

12 = 1 x 11 + 0 x i + 0 x .'j + 0 x :3 + 0 x 2 + 1 x 1 = 100001 

in SPB. Similarly a.~ 
·102 = -I x 100 + 0 x 10 + ., x 1 = -102 

in base 10 (t.he infinit.e base 10 is: 

1, 10. 100.1000, 10000, 100000, ... ). 

0=0 in SPB 

1 = 1 in SPB 

2 = 1 x 2 + 0 x 1 = 10 in SPB 

:3 == 1 x :3 + 0 x 2 + 0 x 1 == 100 in SPB 

-I = 1 x :3 + 0 x 2 + 1 x 1 = 101 in SPB 

;j = :3 + 2 = 1 x :3 + 1 x 2 + 0 x 1 = 110 in SPB 

l::; = l:l + 2 = 1 x J:l + 0 x 11 + 0 x T + 0 x ::; + 0 x :3 + 1 x 2 + 0 x 1 = 1000010 in SPU 

This base is it part.icula.r case of the Smarandache general ba.5e - see (3). 
Let's COllvert backwards: If 1001 is a llumher in the SPS, then this is in base ten: 

1 x .'j + 0 x :3 + 0 x 2 + I x I = ::; + 0 + 0 + 1 == 6, 

We do not. get digit.s greater than 1 because of Chebyshev's theorem. 
It is only it unique writing. 

10 = i +:3, t.hat is it. \Ve do not decol11pose:3 anymore because:3 belongs to the Sm3ralldache 
prime bi\.~e. . 
11 = i + -I = T + 3 + I, because -I did not. helong t.o t.he SPB we had to decompose 4 M well. 
11 has a unique representat.ion: 11 = T + 3 + 1, 

The rule is: 
- any number" is between p( k) and p( l· + 1) l11i1lHlat.ory: 

[I(l-) :S " < p( k + 1), 



where I'(k) is t.he ~·-t.h prime; I mean any nUlllber is between'two consecuti\·eyrimes. 

For another example; 
2i is bet.ween nand 29. thus 2i =2:}+·1, but -! is between :3 and ·5 therefore -!=:l+ 1, therefore 
2i=:2:l+:3+1 in the SPB (a unique representation). 

Not allowed to say that. 2i = 19 + ;) because 2i is not between 19 and 29 but between 

2:3 and 29. 
The proof that all digits are 0 01' 1 relies on the Chebyshev's theorem that between a 

number II and 211 there is at least a prime. Thus, between a prime q and 2'1 there is as least 
a prime. Thus 21'(~') > p(~. + 1) where p(k) means the k-th prime. 
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3. PROPOSED PROBLEM 

Let p be a posi ti ve prime, anti S( II) the Smarantiache Function, clefined as the slllallest 
integer such that SIn)! be divisible by 11. The factorial of III is the product of all integers 

from 1 to 111. Pro\"e that 

Solution by Alecu Stuparu, 0945 Balcesti, Valcea, Romania 

Because I' is prime and S{JI') IllUSt be divisihle hy 1', one gets that S(IY') = /" or 21'. or 

:11', etc. 
~Iore. S{JI') must be divisible by pI!, therefore 

S'V') = I' ~ p, 01' I' ~ (1' + 1), or p ~ (I' + 2), etc. 

But the smallest one is p ~ I' [because I' ~ (I' - I)! is not divisihle by IY', hut by IY'-I]. 
Therefore 
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4. PROPOSED PROBLEJ"! 

Let S:l.f( II) be the triple SmariindacIJe function. i.e. the smallest integer III such that mil! 
is divisible hy II. Here m!!! is t.he triple factoriaL i.e. IlI!1! = m( rn - :3)( III - 6) ... the product. 
of all such positin' 1I01l-Zero integers. For example 8!1! = 8(8 - 3)(8 - 6) = 8(.5)(2) = 80. 
S:}},( 10) = 5 lwcnuse 5!!! = 5(5 - :3) = 5(2) = 10, which is divisible by 10, and it is t.he 
sllIalbt, olle with this propert.y, S:jf(:JO) = 15,S:jfP)) = 6.S:3.f(21) = 21. 

Question: Pron~ that if II is divisible hy :3 then S:I/(II) is also divisible by 3. 

Solution by K. L. Ral11sharall, Madras, India 

Let, 5'3/(11) = m. 
S:l/(JI)!I! = mil! ha.'5 t,o be divisible by n nccording to t.he definition of this function, i.e. 

III hilS to he a. llIult,ipl(' of :.1. b(,(,Mlse " i.'5 a Illlllt.iple of:3. In lIP is 1I0t, a multiple of 3, then 
no farlor of mil! = m(1II - :3)(111 - 6) ... will be a mult.iple of:}, therefore m!!! 1V0uid not be 
divisible by II. Ahsurd. 

5. PROPOSED PROBLEM 

Let Sri/(,,) represent the Smarandache double factorial function, i.e. the s~allest positive 
integer such t.hill. 5'(~f(II)'! is divisible by 11, where double factorialm!! == 1 x 3 x 5 x ... x m 
if 111 is odd, <1n,\ III!! = 2 x ·1 x 6 x ... X 111 if m is e\·en. Soh'e the diophantine equation 
S,lf(,!') = /I, when p is prime. How many solutions are there? 

Solution by Carlos Gustavo Moreira, Rio de Janeiro, Brazil 

For the (',,,rat.ion S,(f(,!') = I' =prillle, the nUlllber of solutions is ;::: 2k, where k = 
(J.- :1)/2. The g('neml .,olnt.ion of t.he equat.ion SrI}'(.!') = I' =prillle is /' x Ill, where m is any 
di\'i,or of (J. - 2)!!. 

Let us consider the example for the Smarandache double factorial function SrI!(.r) = 1 i. 
The SOIUt.io1l5 are 1 i x 111. where III is any divisot: of ( Ii - 2)!! which is equal to 3 x .J x 7 x 9 x 
II x I:l x 15 = (:3 1 ) x (52) x i x 11 x [:J which has (~+ l) x (2 + I) x ( 1 + 1) x (1+ 1) x ( I + I) = 120 
di visor, therefore 120 solutions < 2' = 128. 

The nllmber of solutions is not 2' == 128 because sOllie solutions were counted twice, for 
example: Ii x:3 x 5 is the same as Ii x 15 or Ii x 3 x 15 is the same as Ii x,J x 9. 

COlllment by Gilbert Johnson, 
Red Rock State Park. Church Rock, Box 1228, NM 87311, USA 
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How t.o det.,rmine the soilltions and how to find a sup.,rior limit for the number of 
solutions. 

Using the definition of Slif. II'" filal that: I'll is dil'isible by .1', and I' is the slllall.,st positi\'f~ 
integer with this property. Because p is prime, .r should be a multiple of p (otherwise J' 
would not be the smallest posit.il·e int.eger with that property). pi! is a multiple of .r. 
a) If p = 2, then .r = 2. 
b) If p > 2, then p is odd and I'!! = 1 x :3 x 5 x ... x ]J = "1.1' (multiple of .1'). 

Solutions are formed by all combinations of p, times none, one, 01' more factors from .'3, 
5, .. " p- 2. 

Let (p- :3)/2 = k and ,.C." represent combinations of s elements taken by r. 
So: 

- for one factor: p. we hal'e 1 solution: ;r = p; i.e. DC k solution; 
- for two factors; 

II'!.' IlI\I'e ~. Hollll.ionH: 

i.e. lCk solutions; 
- for three factors: 

J' x 3, p x 5, .. , p x (p - 2), 

.r = p x :3,1' x .j, ... ,I} x (I' - 2); 

/' x :3 x .5, p x :3 x 7 ..... p x :3 x (p - 2); I} X 5 x 7, ... , P x 5 X (I, - 2); ... , P x (p - 4) x (p - 2), 

\I'e have 2C~' solutions; etc. and so on: - for k factors; 

p x :3 x :') x ... x (p- 2), 

we hal'e kC~' solutions. 
Thus, the general solution has the form; 

.1' = P X CI X Cj X ... X Cj, 

with all Cj distinct integers and helonging to p, 5, ... 0/'- 2}, 0 S j S k, and k = (I' - :3)/2. 
The smallest solution is .r = I', the largest solution is .r = I}!!. 

The totalnumher of solut.ions is less than or equal to DC k + ICk + 2C k + ... + kC k = 2k, 
where he = (I' - 3)/2. 

Therefore. the I1Ilmber of solutions of this equat.ion is equal to the number of divisors of 
(I' - 2)ll. : 

as 
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ON SOlVIE PROBLEMS RELATED TO 
SMARANDACHE NOTIONS 

Edited by M. Perez 

1. Problem of Number Theory by L. Seagull, Glendale Community College 
Let. /I be a composite integer> 4. Prove that in betwe.,n /I and S(II) there exists at least 

a prime nUlllber. 

Solution: 

T. Yau proved that the Smarandache Function has the foliowing property: S( /I) S ~ for 
any composite number II, because: if II = pq, with p < q and (p,q) = 1, then ~ 

n 11. 
S(rl)max(S'(p),S(q)) = S(q) S 'I = - S 7)' 

p -

NolV, using Bertrand-Tchehichev's theorem, we get thilt. in between 1} and n there exists at 
least a prime number. -

2. Proposed Problem by Antony Begay 

Let. S( n) he the smallest int.eger nUlllber such t.hat S( II)! is divisihle by II. where Ill! = 
1.2.:1. .... 111 (factoriel of III ). ami S( 1) = I (Smaramlache Function). Prol'e that. if p is 
prillle then S(I') = I'. Cakulat.e S(·12). 

Solotion: 

8(1') cannot he less than p, because if 8(1')' = 11 < fJ then H! = 1.2.3 ..... 11 is not dil'isible 
by I' (1' being prime). Thus 8(1') :::: 1" But p! = 1.2.:I. .... p is divisible by p. a.nd is the 
smallest. one with this propert.y. Th .. refore 8(1') = /,. 

·12 = 2.:3.7,7! = I.:U.·1.5.6.7 which i~ divisihle \'y 2. by :1, ~1Il1 by·7. Thlls S(12) S 7. 
Bllt. S(·12) can not he less than T, hecause for ex'ample 6! = 1.2.:3.·1..5.6 is not di\'isible by 7. 
Hence 8(42) = 7. ' 

3. Proposed Problem by Leonardo Motta 

Let" be a sqllare free integer, and p the largest prime which devides II. SholV t.hat 
S( II) = 1', when' 8( II) is the Smaranda.che Funct.ion, i.e. t.he smallest integer sHch that. 
S(Il)! is divisihle by II. 

;l!) 


