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1. INTRODUCTION
For n G N, where N = {0,1,2,...}, the Bernoulli polynomials, B„(t), are defined by means of
the generating function

7=S 5 «(0fr, 1*1 < 2*.

(1)

Some of the more important properties of these polynomials include
Bn(t + \)-Bn(t) = nt»-\
B„(l-t) = (-iyBM

(2)
(3)

each of which follows from (1). From (2) we can derive
m-\

holding for all positive integers m. We define the Bernoulli numbers, Bn, by Bn = Bn(0), from
which (1) allows us to write

Note that we obtain the values B0 = 1, Bl = - 1 / 2 , i?2 = 1/6, ..., and 5„ = 0 for odd n>3.
even w>2, we have

For

»+i£svm)
Perhaps the most fundamental property of Bernoulli numbers is the von Staudt-Clausen theorem
which states that, for even positive n, the quantity
p prime

r

is an integer. This implies that, for such n, the denominator of Bn is square-free.
The Euler polynomials, En(t), « G N , are defined by means of the generating function

^

= J X « > S UK,.

(4)

Each can be expanded in terms of Bernoulli numbers according to
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m=o\

J

m+ i

Euler polynomials satisfy the identities
Em(t + 1)+En(t) = 2f,

(5)

^ 0 - 0 = (-1)^(0,

(6)

each following from (4). From (5) we see that, for positive integers m,
m-l

En(m) - (-l)mEn(0) = 2]T (-

ly-^f.

The Euler numbers, En, are defined by En = 2nEn(l/2). Each En E Z (see [10], p. 53), and as a
result of (6) we must have En = 0 whenever n is odd.
There are three particular identities, known as multiplication identities, associated with the
Bernoulli and Euler polynomials. They enable one to rewrite a particular value of one of these
polynomials in terms of a sum of a variety of values of either the same or another such polynomial. We present them as follows with the assumption that, for each, q is a positive integer. For
the Bernoulli polynomials, we have Raabe's identity [12],

Bn{qt) = q"-lYJBn[t+^,

(7)

which follows from (1). For q odd, the Euler polynomials satisfy

E„(qt) = q"9fji-iyEn[tUy

(8)

which follows from (4). Finally, for q even,

En-1^t)=-^fyyBn[tUy

(9>

which follows from (1) and (4).
The problem of studying Bernoulli and Euler polynomials at values in R is tantamount to that
of considering the polynomials in certain intervals of R. From (2) and (5) we see that we can
reduce this problem to that of considering the polynomials in [0,1). Utilizing (3) and (6) allows
us further to reduce this to the interval [0,1/2]. Because of this it becomes a point of interest to
consider the polynomials at various "special" values oft in [0,1/2], especially at rational /. Applications of (7), (8), and (9) enable us to find relations between values of these polynomials at
several rationals within this interval.
Let us now consider the known values of these polynomials. As we have seen, Bn(0) = Bn
and EJl 12) = 2~nEn for each n > 0. The following can be derived from (7)-(9) for all n > 0:
£w(0) =

""^TT ( 2 W + 2 " 2 ) 5 w + 1 '

Bn{^y<l-2l-»)Bn.
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In addition, for even n > 0, the following can also be derived from (7)-(9):

*„(})=4(i-3l~")5"'
B„fy =

-2-"(l-2l-»)B„,

4 ( | ) = |(l-2 1 -")(l-3 1 -")5„ )
En{^

= 2-"-\\ + T")En.

Also, for odd n > 1, we have
En^y~-^ri(2n+l-l)(l-3-")B„+l,

Each of these can be found in [11]. Similar expressions have been found for each of Bn(l/3) and
Bn(l/6) when n is odd, but these are in terms of a sequence of rational values /„, whose denominators consist of certain powers of 3 (see [5], [6]).
Bernoulli and Euler numbers and polynomials have numerous applications in mathematics.
Because of this, they have been studied quite extensively. Besides the study of these polynomials
at specific rational points, efforts have also been made to find congruence relations that describe
specific Bernoulli polynomials at arbitrary rational points. A. Granville and Z.-W. Sun [7] have
shown that if an integer q > 3 is odd and 1 < a < q, with (a, q) = 1, then for/? prime,
Bp-^-Bp_^2-lp-lq(JJp-\)

(mod/;),

where Up is a linear recurrence of order [q/2] depending only on a, q, and the least positive residue of/? modulo q. Their work extended a list of congruences given by E. Lehmer [9].
In this note we illustrate a means of finding congruence relations among Bernoulli and Euler
polynomials evaluated at various rational numbers. We do this by considering the polynomials at
values that have not been discussed previously. By applying (7)-(9), we build linear relationships
among certain rational evaluations. Some recent results concerning the values of Bernoulli and
Euler polynomials at rational points at rational points then enable us to obtain congruences based
on the coefficients of these relations. Before proceeding with the derivation of the congruences,
we shall present these results.
2. SOME RECENT RESULTS
The following result concerning Bernoulli polynomials was recently presented by G. Almkvist
and A. Meurman in [1]. Other versions of the proof of this are given in [2], [3], and [13].
Theorem 2.1: Let r, s e Z, s * 0. Then sP(Bn{r Is) - Bn(0)) e Z.
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Since Euler polynomials satisfy many properties that are similar to those that Bernoulli polynomials satisfy, we would expect a result similar to Theorem 2.1 for Euler polynomials. In fact,
we have such a result, presented in [4].
Theorem2.2: Let r, s e Z, s * 0. Then sT(En(r/s)-(-l)rsEn(0))

eZ.

Note that Theorems 2.1 and 2.2 will be the key components that enable us to derive the congruences that we intend to illustrate. They imply that, whenever k is a positive integer, for all
r, s G Z, s & 0, the Bernoulli polynomials satisfy

k^Bn^ksnBn

(mod*),

and for the Euler polynomials,

ks^E^yi-ir^EM

(mod*).

Note that this last congruence can be written in terms of Bn since we can also express En(0) in
such manner.
3. SOME EXAMPLES
The multiplication identities (7)-(9) provide a linear relationship among a set of values of
particular Bernoulli and Euler polynomials at various rational numbers, these numbers also satisfying their own linear relationship. Varying the parameters t and q in (7)-(9) may provide several
distinct linear relationships among these values. By a partial reduction of such a system, the coefficients of these values are modified so that, by applying Theorems 2.1 and 2.2, a congruence
relationship can be obtained modulo one of these coefficients.
3.1 A Congruence Relating Bn(2r/s) and En_t(2r/s)
This example gives a congruence relation, modulo a power of 2, between Bernoulli and Euler
polynomials evaluated at the same rational number.
Theorem 3.1: Let r, s e Z such that (2r, s) = 1. Then for positive integers w,

2Bn{^ynEn.l{^y2^Bn

(mod2"+1).

Proof: Letting q = 2 and t = r Is in (7) and (9) yields

Combining these two relations so as to eliminate Bn((s+2r)/(2s)), we obtain

and thus, by Theorem 2.1,
2001]
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2^B„^fj-mrE„_0y2"^Bn

(mod2"+1).

This then yields the theorem, since (2, s) = 1. •
This result implies that, for odd n > 3, we have
IB^ynE^^fj

(mod2"+1),

IB^ynE^^fj

(mod2"),

since Bn = 0, and for all n > 1,

by the von Staudt-Clausen theorem.
3.2 Congruences for Bn{t) and En_t(t) at Multiples of 1/10 for n Even
This additional example concerns the values of Bn{t), at 1/10 and 3/10, and En_x{i), at 1/5
and 2/5, for even n > 2.
Lemma 3.2:

Let be an even positive integer. Then

10 4 +10 5

=(2 1 1X5 5)5

" fe) " "(^) ''" ~ "" '"

»5" J E„_ 1 ^-»5"£ ;I _ 1 ^ = -(2''-lX5''-5)5n)
(2" +1)10-5,, ^

+ (2- 1 + 1)»5" £_, Q) = -2"-»(5" - 5)5„,

2(2" + l)5"JBn^+»5"JEn_I^j = -2"(5''-5)5„.

(10)
(11)
(12)
(13)

Proof: In view of (3), by letting q = 2 and f = 1/5,1/10 in (7) and (9), we obtain
2".5»Bn^y2-5»B„[fj + \0»B„(j^ = 0,

(14)

2".5"5 fl [|J-l(f^J+»5" J E„. 1 [|j = 0,

(15)

-2 • 5"B„ Q j + 2" • 5"B„(fj + 1 0 " ^ ^ = 0,
-2".5"B„[^j + l(fB„ij^+n5«E„_l^yO.

(16)
(17)

The case of q = 5 and f = 0 in (7), yields
5^Qj
54
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Note that, by adding corresponding left-hand and right-hand sides of each equation, the combination (14) + (16)-(2 W -2)(18) yields (10). Also, (17) + 2(2 M -1)(18)-(14)-(15)-(16) yields (11).
From 2W~1(16) + (2W"1 + 1)(17) + 2"(18), we obtain (12), and (17) + 2W+1(18)-(16) yields (13). D
Now, from (10)-(13), we can derive congruences related to each of the values l0"Bn(l/lO),
10^(3/10), T&E^QLIS),
and nSn En_x{215). We shall first focus on those for the Euler polynomials.
Theorem 3.3: For n an even positive integer,
n5nEn_x (|1 - -(2"(5W - 5) + 5"(2W+1 + 2))Bn (mod2n+l + 2),

(19)

n5nEn_x (|1 = -(5* - 5 + 5W(2W+1 + 2))Bn (mod 2"+1 + 2).

(20)

Proof: If we use Theorem 2.1 to reduce (13) modulo 2n+1 + 2, we obtain (19). Now reduce
(11) modulo 2n+l + 2, utilizing (19) to represent n5n En_x{\ IS), and we obtain (20). •
Corollary 3.4: Let n be an even positive integer, and let/? be prime such that p\{2n +1). Then
/I?^1Q)S-II5-JS^1^S(5--5)^

I

(mod/?).

Proof: If p|(2" +1), then (p -1)\n since, otherwise, 2n +1 = 2 (mod /?). Thus, by the von
Staudt-Clausen theorem, p is not in the denominator of Bn, and so 5"(2"+1 +2)Bn = 0 (mod /?).
Therefore, (19) and (20) reduce to yield the result. D
Corollary 3.5: Let/? be prime such that p = 5 (mod 8). Then
50^£(p_3)/2(T)

= -5^E(p_m(fj

= -2(5^^ -5)V 1)/2 (mod/.).

Proof: Note that /? = 5 (mod 8) implies that (p-1)/2 is even and that (Jr) = - 1 , where (-^)
is the Legendre symbol corresponding to p. Euler's criterion states that (j) = - 1 if and only if
2(/>-*)/2 + 1 = 0 (mod p). Therefore, by taking n = (p -1) / 2, the result follows. D
Corollary 3.6: Let /? be prime such that /? = 13 (mod 24). If there exist integers C and D for
which p = C 2 +27D 2 , then
5^y%p_7)/6^j=-50-V6V7)/6(f)

- -6(5(*-1)/6 - 5)Viv«

( m o d p)

-

Proof: In [8], page 119, we see that-there are integers C and D such that p = C 2 + 27D2 if
and only if 2 is a cubic residue modulo p. Now, 2 is a cubic residue modulo p if and only if
2(/?-1)/3 == 1 (mod/?), and since (p-1) /6 must be an (even) integer, we can write
2(P-W

-1 = ( 2 ^ / 6 - 1 ) ( 2 ^ / 6 +1),

where either 2 ( ^ 1 ) / 6 = - 1 (mod/?) or 2 ( ^ 1 ) / 6 = 1 (mod/?).
(jM)/2
= 1 (mod/?); thus, by Euler's criterion, (•£) = 1. However,
I f 2(/>-i)/6 = 1 ( mo d/?) 3 then 2
/? = 13 (mod 24) implies that (£) = - 1 . Therefore, 2(p"1)/6 = - 1 (mod/?), yielding the result. •
2001]

55

CONGRUENCES RELATING RATIONAL VALUES OF BERNOULLI AND EULER POLYNOMIALS

Now we consider congruences for 10"£w(l/10) and 10w£w(3/10).
Theorem 3.7: Let n be an even positive integer. Then
(T + l)lO"Bn(j-\

= -(5"(22n + 2"-2) + 2"-\5"-5))Bn

(mod5w(2w"1 + 1)),

(2n +1)10"Bn(j-\EE(5"(22w + 2n-2) + (2 2 "' 1 - 1)(5W-5))Bn (modS^"" 1 +1)).

(21)
(22)

Proof: By Theorem 2.2, we can reduce (12) modulo 5n(2"~l +1) to obtain
(2" +1)10"B„(j-\-(2"~l + lynFE^iO) = - ^ ( S " - 5 ) B n (mod5n(2"-1 +1)).
Since -nEn_x{0) = (2"+l-2)Bn, this yields (21). Now multiply (10) through by 2" +1 and reduce
modulo 5n(2"~l +1), utilizing (21) to represent (2" +1)10"5„(1/10), and we obtain (22). •
Corollary 3.8: Let/? be prime, p > 3, and let n be an even positive integer such that p\(2"~l +1).
Then
10W4

(io)" 1 0 ^(ll)"" ( 5 W "" 5 ) ^

(mod/?)

Proof: If p|(2W + 2), then (/? -1) Jn since, otherwise, 2W + 2 = 3 (mod p). Thus, /? is not in
the denominator of Bn. This implies that we can reduce (21) to the form
(2" + l ) 1 0 " J B „ ^ ^ ( 5 " - 5 ) 5 „ (mod/;).
Also, from Theorem 2.1,
(2" +1)10-5, (±y

(2» + 2)10"B„ - WB„ ^

(mod 2" + 2)

--10"5fl(^)(mod/;).
Thus, we have the congruence for lVBn(l/lO). By incorporating this into the reduction of (10)
modulo /?, we can obtain the congruence for 1(FBn(3 /10). D
Corollary 3.9: Let/? be prime, p > 3, such that p = 3 (mod 8). Then

l O ^ l W ^ ) - UP*" V > 4 ) - - ( 5 ^ / 2 -5)5(p+1)/2 (mod/,).
Proof: If /? = 3 (mod 8), then (/? +1) / 2 is even and (^) = - 1 . By Euler's criterion, we then
have 2(/?"1)/2 + 1 = 0 (mod/?). The result follows by taking n = (p +1) / 2. •
Corollary 3.10: Let/? be prime such that /? = 11 or 19 (mod 40). Then/? divides the numerators
of % + 1 ) / 2 (l/10) and B{p+l)/2(3/\0).
Proof: If /? s 11 or 19 (mod 40), then p = 3 (mod 8) and (f) = 1. By Euler's criterion,
(D = l implies that 5ip+l)/2~-5 = 0 (mod/?). Since these conditions also imply that /?|10, the
result follows. D
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Corollary 3.11: Let p be prime such that p = 19 (mod 24). If there exist integers C and D for
which p = C2 + 27£>2, then

10 ( ' +5)/ % +5)/6 (-L) - l O ^ ' l W ( ^ ) = ~(5(;,+5)/6 " 5 ) W (™d /» •
jRro^ Recall that there are integers C and D such that p = C2 + 27D2 if and only if
(p 1)/6
= - 1 (mod p) or
2(p-i)/3 s i ( m o d ^
s i n c e (p _ i) / 6 is an integer, this implies that either 2 "
2

(p-i)/6^1(mod/?)

If 2<*"1>/6 = 1 (mod/?), then 2<^1>/2 EE 1 (modp); thus, (£) = 1. However, p ^ 19 (mod 24)
implies that (£) = - l . Therefore, 2(^"1)/6 = - 1 (mod/?), and so p\(2ip+5)/6 + 2). D
4. CONCLUSION
We have illustrated how some simple properties of Bernoulli and Euler polynomials can be
utilized to construct congruences for certain rational evaluations of these polynomials. Congruences involving more terms can be easily obtained, but the difficulty to interpret their meaning
increases with the number of terms involved. The examples given here are simple, but they are
quite effective at illustrating how this method provides an opportunity to obtain previously
unknown divisibility properties of rational values of Bernoulli and Euler polynomials.
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