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Summary. This article formalizes the proof of Niven’s theorem [12] which
states that if x/π and sin(x) are both rational, then the sine takes values 0,
±1/2, and ±1. The main part of the formalization follows the informal proof pre-
sented at Pr∞fWiki (https://proofwiki.org/wiki/Niven’s_Theorem#Source_
of_Name). For this proof, we have also formalized the rational and integral root
theorems setting constraints on solutions of polynomial equations with integer
coefficients [8, 9].
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From now on r, t denote real numbers, i denotes an integer, k, n denote
natural numbers, p denotes a polynomial over RF, e denotes an element of RF,
L denotes a non empty zero structure, and z, z0, z1, z2 denote elements of L.

Now we state the propositions:

(1) Let us consider complexes a, b, c, d. If b 6= 0 and a
b = c

d , then a = b·c
d .

(2) Let us consider real numbers a, b. If |a| = b, then a = b or a = −b.
(3) If |i| ¬ 2, then i = −2 or i = −1 or i = 0 or i = 1 or i = 2. The theorem

is a consequence of (2).

(4) If n 6= 0, then i | in.

(5) If t > 0, then there exists i such that t · i ¬ r ¬ t · (i+ 1).

1The work on the formalization presented in this article was completed thanks to the Mizar
Mathematical Library maintenance and refactoring carried out at the Computer Center of the
University of Białystok.
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Proof: Define P[integer] ≡ t · $1 ¬ r. There exists an integer i1 such that
P[i1]. Set F = d rt e. For every integer i1 such that P[i1] holds i1 ¬ F .
Consider i such that P[i] and for every integer i1 such that P[i1] holds
i1 ¬ i from [15, Sch. 6]. �

(6) Let us consider a finite sequence p of elements of RF, and a real-valued
finite sequence q. If p = q, then

∑
p =
∑
q.

Proof: Define P[finite sequence] ≡ for every finite sequence p of elements
of RF for every real-valued finite sequence q such that p = q and p = $1
holds

∑
p =
∑
q. P[∅] by [16, (43)], [4, (72)]. For every finite sequence f

and for every object x such that P[f ] holds P[f a 〈x〉] by [2, (36), (38)],
[5, (31)], [16, (41), (44)]. For every finite sequence f , P[f ] from [2, Sch. 3].
�

(7) Let us consider a natural number i, and an element r of RF. Then
powerRF(r, i) = ri.
Proof: Define P[natural number] ≡ powerRF(r, $1) = r$1 . For every na-
tural number n, P[n] from [1, Sch. 2]. �

(8) sin(5·π6 ) = 1
2 .

(9) sin(5·π6 + 2 · π · i) = 1
2 .

(10) sin(7·π6 ) = −12 .
(11) sin(7·π6 + 2 · π · i) = −12 .
(12) sin(11·π6 ) = −12 .
(13) sin(11·π6 + 2 · π · i) = −12 .
(14) cos(4·π3 ) = −12 .
(15) cos(4·π3 + 2 · π · i) = −12 .
(16) cos(5·π3 ) = 1

2 .

(17) cos(5·π3 + 2 · π · i) = 1
2 .

(18) If 0 ¬ r ¬ π
2 and cos r = 1

2 , then r = π
3 .

(19) Let us consider an add-associative, right zeroed, right complementable,
left distributive, non empty double loop structure L, and a sequence p of
L. Then 0. L ∗ p = 0. L.

Let us consider L, z, and n. One can verify that 0. L+·(n, z) is finite-Support
as a sequence of L.

Let us consider a polynomial p over L. Now we state the propositions:

(20) If z 6= 0L, then if p = 0. L+· (n, z), then len p = n+ 1.
Proof: the length of p is at most n + 1 by [1, (13)], [3, (32)], [14, (7)].
For every natural number m such that the length of p is at most m holds
n+ 1 ¬ m by [14, (13)], [3, (31)], [1, (13)]. �
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(21) If z 6= 0L, then if p = 0. L +· (n, z), then deg p = n. The theorem is
a consequence of (20).

Note that 0.RF is Z-valued and 1.RF is Z-valued and there exists an element
of RF which is integer.

Now we state the proposition:

(22) rng〈z〉 = {z, 0L}.
Proof: Set p = 〈z〉. rng p ⊆ {z, 0L} by [11, (32)], [1, (14)]. �

Let us consider L, z0, z1, and z2. The functor 〈z0, z1, z2〉 yielding a sequence
of L is defined by the term

(Def. 1) ((0. L+· (0, z0)) +· (1, z1)) +· (2, z2).
Now we state the propositions:

(23) 〈z0, z1, z2〉(0) = z0.

(24) 〈z0, z1, z2〉(1) = z1.

(25) 〈z0, z1, z2〉(2) = z2.

(26) If 3 ¬ n, then 〈z0, z1, z2〉(n) = 0L.

Let us consider L, z0, z1, and z2. Let us observe that 〈z0, z1, z2〉 is finite-
Support.

Now we state the propositions:

(27) len〈z0, z1, z2〉 ¬ 3. The theorem is a consequence of (26).

(28) If z2 6= 0L, then len〈z0, z1, z2〉 = 3. The theorem is a consequence of (25)
and (26).

(29) Let us consider a right zeroed, non empty additive loop structure L, and
elements z0, z1 of L. Then 〈z0〉+ 〈z1〉 = 〈z0 + z1〉.

(30) Let us consider a right zeroed, non empty additive loop structure L, and
elements z0, z1, z2, z3 of L. Then 〈z0, z1〉+ 〈z2, z3〉 = 〈z0 + z2, z1 + z3〉.

(31) Let us consider a right zeroed, non empty additive loop structure L,
and elements z0, z1, z2, z3, z4, z5 of L. Then 〈z0, z1, z2〉 + 〈z3, z4, z5〉 =
〈z0+ z3, z1+ z4, z2+ z5〉. The theorem is a consequence of (23), (24), (25),
and (26).

(32) Let us consider an add-associative, right zeroed, right complementable,
non empty additive loop structure L, and an element z0 of L. Then−〈z0〉 =
〈−z0〉.

(33) Let us consider an add-associative, right zeroed, right complementable,
non empty additive loop structure L, and elements z0, z1 of L. Then
−〈z0, z1〉 = 〈−z0,−z1〉.

(34) Let us consider an add-associative, right zeroed, right complementable,
non empty additive loop structure L, and elements z0, z1, z2 of L. Then
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−〈z0, z1, z2〉 = 〈−z0,−z1,−z2〉. The theorem is a consequence of (23), (24),
(25), and (26).

(35) Let us consider an add-associative, right zeroed, right complementable,
non empty additive loop structure L, and elements z0, z1 of L. Then
〈z0〉 − 〈z1〉 = 〈z0 − z1〉. The theorem is a consequence of (32) and (29).

(36) Let us consider an add-associative, right zeroed, right complementable,
non empty additive loop structure L, and elements z0, z1, z2, z3 of L.
Then 〈z0, z1〉 − 〈z2, z3〉 = 〈z0 − z2, z1 − z3〉. The theorem is a consequence
of (33) and (30).

(37) Let us consider an add-associative, right zeroed, right complementable,
non empty additive loop structure L, and elements z0, z1, z2, z3, z4, z5 of
L. Then 〈z0, z1, z2〉 − 〈z3, z4, z5〉 = 〈z0 − z3, z1 − z4, z2 − z5〉. The theorem
is a consequence of (34) and (31).

(38) Let us consider an add-associative, right zeroed, right complementable,
left distributive, unital, associative, non empty double loop structure L,
and elements z0, z1, z2, x of L. Then eval(〈z0, z1, z2〉, x) = z0+z1·x+z2·x·x.
The theorem is a consequence of (23), (24), (27), and (25).

Let a be an integer element of RF. Note that 〈a〉 is Z-valued.
Let a, b be integer elements of RF. One can verify that 〈a, b〉 is Z-valued.
Let a, b, c be integer elements of RF. Observe that 〈a, b, c〉 is Z-valued and

there exists a polynomial over RF which is monic and Z-valued and there exists
a finite sequence of elements of RF which is Z-valued.

Let F be a Z-valued finite sequence of elements of RF. One can check that∑
F is integer.
Let f be a Z-valued sequence of RF. Let us note that −f is Z-valued.
Let g be a Z-valued sequence of RF. Observe that f+g is Z-valued and f−g

is Z-valued and f ∗ g is Z-valued.
Now we state the proposition:

(39) Let us consider a non degenerated, non empty double loop structure L,
and an element z of L. Then LC〈z, 1L〉 = 1L.

Let L be a non degenerated, non empty double loop structure and z be
an element of L. One can check that 〈z, 1L〉 is monic.

Now we state the proposition:

(40) Let us consider a non degenerated, non empty double loop structure
L, and elements z1, z2 of L. Then LC〈z1, z2, 1L〉 = 1L. The theorem is
a consequence of (28) and (25).

Let L be a non degenerated, non empty double loop structure and z1, z2 be
elements of L. Let us observe that 〈z1, z2, 1L〉 is monic.

Let p be a Z-valued polynomial over RF. Let us note that LC p is integer.
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Now we state the proposition:

(41) Let us consider an add-associative, right zeroed, right complementable,
non empty additive loop structure L, and a polynomial p over L. Then
deg(−p) = deg p.

Let us consider an add-associative, right zeroed, right complementable, non
empty additive loop structure L and polynomials p, q over L. Now we state the
propositions:

(42) If deg p > deg q, then deg(p+ q) = deg p.

(43) If deg p > deg q, then deg(p− q) = deg p.

(44) If deg p < deg q, then deg(p− q) = deg q.

(45) Let us consider an add-associative, right zeroed, right complementable,
distributive, non degenerated double loop structure L, and a polynomial
p over L. Then LC p = −LC(−p).

(46) Let us consider an add-associative, right zeroed, right complementable,
associative, commutative, well unital, almost left invertible, distributive,
non degenerated double loop structure L, and polynomials p, q over L.
Then LC(p ∗ q) = LC p · LC q. The theorem is a consequence of (19).

Let us consider an add-associative, right zeroed, right complementable,
distributive, non degenerated double loop structure L, a monic polynomial
p over L, and a polynomial q over L. Now we state the propositions:

(47) If deg p > deg q, then p + q is monic. The theorem is a consequence of
(42).

(48) If deg p > deg q, then p − q is monic. The theorem is a consequence of
(43).

Let L be an add-associative, right zeroed, right complementable, asso-
ciative, commutative, well unital, almost left invertible, distributive, non
degenerated double loop structure and p, q be monic polynomials over L. Let
us note that p ∗ q is monic.

Now we state the propositions:

(49) Let us consider an Abelian, add-associative, right zeroed, right com-
plementable, unital, distributive, non empty double loop structure L,
elements z1, z2 of L, and a polynomial p over L. Suppose eval(p, z1) = z2.
Then eval(p− 〈z2〉, z1) = 0L.

(50) Rational root theorem:
Let us consider a Z-valued polynomial p over RF, and an element e of RF.
Suppose e is a root of p. Let us consider integers k, l. Suppose l 6= 0 and
e = k

l and k and l are relatively prime. Then

(i) k | p(0), and



306 artur korniłowicz and adam naumowicz

(ii) l | LC p.

The theorem is a consequence of (7), (6), and (4).

(51) Integral root theorem:
Let us consider a monic, Z-valued polynomial p over RF, and a rational
element e of RF. If e is a root of p, then e is integer. The theorem is
a consequence of (50).

(52) Suppose 1 ¬ n and e = 2 · cos t. Then there exists a monic, Z-valued
polynomial p over RF such that

(i) eval(p, e) = 2 · cos(n · t), and

(ii) deg p = n, and

(iii) if n = 1, then p = 〈0RF , 1RF〉, and

(iv) if n = 2, then there exists an element r of RF such that r = −2 and
p = 〈r, 0RF , 1RF〉.

Proof: Define P[natural number] ≡ if 1 ¬ $1, then there exists a monic,
Z-valued polynomial p over RF such that eval(p, e) = 2 · cos($1 · t) and
deg p = $1 and if $1 = 1, then p = 〈0RF , 1RF〉 and if $1 = 2, then there
exists an element r of RF such that r = −2 and p = 〈r, 0RF , 1RF〉. P[1]
by [11, (48), (40)]. P[2] by [6, (7)], (38), (28). For every non zero natural
number k such that P[k] and P[k + 1] holds P[k + 2] by [1, (13)], [13,
(38)], (48), [10, (24)]. For every non zero natural number k, P[k] from [7,
Sch. 1]. �

(53) If 0 ¬ r ¬ π
2 and r

π is rational and cos r is rational, then r ∈ {0, π3 ,
π
2 }.

The theorem is a consequence of (52), (1), (49), (48), (51), (3), and (18).

(54) Suppose 2 · π · i ¬ r ¬ π
2 + 2 · π · i and r

π is rational and cos r is rational.
Then r ∈ {2 · π · i, π3 + 2 · π · i, π2 + 2 · π · i}. The theorem is a consequence
of (53).

(55) If π
2 ¬ r ¬ π and r

π is rational and cos r is rational, then r ∈ {π2 ,
2·π
3 , π}.

The theorem is a consequence of (53).

(56) Suppose π
2 + 2 · π · i ¬ r ¬ π + 2 · π · i and r

π is rational and cos r is
rational. Then r ∈ {π2 + 2 · π · i, 2·π3 + 2 · π · i, π + 2 · π · i}. The theorem is
a consequence of (55).

(57) Suppose π ¬ r ¬ 3·π
2 and r

π is rational and cos r is rational. Then
r ∈ {π, 4·π3 ,

3·π
2 }. The theorem is a consequence of (53).

(58) Suppose π + 2 · π · i ¬ r ¬ 3·π2 + 2 · π · i and r
π is rational and cos r is

rational. Then r ∈ {π + 2 · π · i, 4·π3 + 2 · π · i, 3·π2 + 2 · π · i}. The theorem
is a consequence of (57).

(59) Suppose 3·π2 ¬ r ¬ 2 · π and r
π is rational and cos r is rational. Then

r ∈ {3·π2 ,
5·π
3 , 2 · π}. The theorem is a consequence of (53).
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(60) Suppose 3·π2 + 2 · π · i ¬ r ¬ 2 · π + 2 · π · i and r
π is rational and cos r is

rational. Then r ∈ {3·π2 + 2 ·π · i, 5·π3 + 2 ·π · i, 2 ·π+ 2 ·π · i}. The theorem
is a consequence of (59).

(61) If r
π is rational and cos r is rational, then cos r ∈ {0, 1,−1, 12 ,−

1
2}.

(62) If 0 ¬ r ¬ π
2 and r

π is rational and sin r is rational, then r ∈ {0, π6 ,
π
2 }.

The theorem is a consequence of (53).

(63) Suppose 2 · π · i ¬ r ¬ π
2 + 2 · π · i and r

π is rational and sin r is rational.
Then r ∈ {2 · π · i, π6 + 2 · π · i, π2 + 2 · π · i}. The theorem is a consequence
of (62).

(64) If π
2 ¬ r ¬ π and r

π is rational and sin r is rational, then r ∈ {π2 ,
5·π
6 , π}.

The theorem is a consequence of (62).

(65) Suppose π
2 + 2 · π · i ¬ r ¬ π + 2 · π · i and r

π is rational and sin r is
rational. Then r ∈ {π2 + 2 · π · i, 5·π6 + 2 · π · i, π + 2 · π · i}. The theorem is
a consequence of (64).

(66) Suppose π ¬ r ¬ 3·π2 and r
π is rational and sin r is rational. Then r ∈

{π, 7·π6 ,
3·π
2 }. The theorem is a consequence of (62).

(67) Suppose π + 2 · π · i ¬ r ¬ 3·π2 + 2 · π · i and r
π is rational and sin r is

rational. Then r ∈ {π + 2 · π · i, 7·π6 + 2 · π · i, 3·π2 + 2 · π · i}. The theorem
is a consequence of (66).

(68) Suppose 3·π2 ¬ r ¬ 2 · π and r
π is rational and sin r is rational. Then

r ∈ {3·π2 ,
11·π
6 , 2 · π}. The theorem is a consequence of (62).

(69) Suppose 3·π2 + 2 · π · i ¬ r ¬ 2 · π + 2 · π · i and r
π is rational and sin r is

rational. Then r ∈ {3·π2 + 2 ·π · i, 11·π6 + 2 ·π · i, 2 ·π+ 2 ·π · i}. The theorem
is a consequence of (68).

(70) Niven’s Theorem:
If r

π is rational and sin r is rational, then sin r ∈ {0, 1,−1, 12 ,−
1
2}.
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[7] Magdalena Jastrzȩbska and Adam Grabowski. Some properties of Fibonacci numbers.
Formalized Mathematics, 12(3):307–313, 2004.

[8] J.D. King. Integer roots of polynomials. The Mathematical Gazette, 90(519):455–456,
2006. doi:http://dx.doi.org/10.1017/S0025557200180295.

[9] Serge Lang. Algebra. Addison-Wesley, 1980.
[10] Robert Milewski. The evaluation of polynomials. Formalized Mathematics, 9(2):391–395,

2001.
[11] Robert Milewski. Fundamental theorem of algebra. Formalized Mathematics, 9(3):461–

470, 2001.
[12] Ivan Niven. Irrational numbers. The Carus Mathematical Monographs, No. 11. The

Mathematical Association of America. Distributed by John Wiley and Sons, Inc., New
York, N.Y., 1956.

[13] Piotr Rudnicki. Little Bezout theorem (factor theorem). Formalized Mathematics, 12(1):
49–58, 2004.

[14] Andrzej Trybulec. Binary operations applied to functions. Formalized Mathematics, 1
(2):329–334, 1990.

[15] Michał J. Trybulec. Integers. Formalized Mathematics, 1(3):501–505, 1990.
[16] Wojciech A. Trybulec. Vectors in real linear space. Formalized Mathematics, 1(2):291–296,

1990.

Received December 15, 2016

http://fm.mizar.org/2004-12/pdf12-3/fib_num2.pdf
https://www.cambridge.org/core/journals/mathematical-gazette/article/div-classtitle9063-integer-roots-of-polynomialsdiv/2AF0D61B7CFC1F3DC3F3625DA8CC0270
http://dx.doi.org/http://dx.doi.org/10.1017/S0025557200180295
http://fm.mizar.org/2001-9/pdf9-2/polynom4.pdf
http://fm.mizar.org/2001-9/pdf9-3/polynom5.pdf
http://fm.mizar.org/2004-12/pdf12-1/uproots.pdf
http://fm.mizar.org/1990-1/pdf1-2/funcop_1.pdf
http://fm.mizar.org/1990-1/pdf1-3/int_1.pdf
http://fm.mizar.org/1990-1/pdf1-2/rlvect_1.pdf

	=0pt Niven's Theorem  By Artur Korniłowicz and Adam Naumowicz  

