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Abstract

The current uncertainty principle is only the variance expressions, which is no complete and cannot satisfy the key and
real urgent needs of the exactly describing physical systems up to now about one century since proposing uncertainty
principle by Heisenberg. This paper not only deduces universal uncertainty principle but also solves the Puzzle of no
giving exact values of general uncertainty of any orders of physical quantities in current different quantum theories, i.e.,
this paper solves the difficult Puzzle that current quantum computer, quantum communication, quantum control, quantum
mechanics, particle physics, and quantum field theory and so on cannot give exact values of general uncertainty of any
orders of physical quantities. This paper further gives all relevant different expressions of the universal uncertainty
principle and their applications. In fact, our studies are consistent with current theories and physical factual experiments,
e.g., relevant to hydrogen atom physics experiments Using the new universal uncertainty principle, people can give all
applications to atomic physics, quantum mechanics, quantum communication quantum field theory, particle physics and
so on, which will result in renewing to urgently do all works relevant to the universal uncertainty principle in all these
sciences.

Keywords: Quantum Computer, Quantum Communications, Quantum Uncertainty Principle, Quantum Calculation, Quantum Physics,
Quantum Field, Theoretical Physics, Particle Physics

1. Introduction

The uncertainty principle in quantum mechanics was first introduced in 1927 by W. Heisenberg, which shows that the more exactly the
position of one particle is decided, the less exactly the momentum of the particle can be determined, and vice versa [1]. The current
inequality depending on the standard deviation of position and momentum was deduced by E. H. Kennard later [2] and by H. Weyl in
1928 [3].
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The uncertainty principle practically shows a basic physics law character of systems in quantum physics, and isn’t one statement of the
observational success of current technology [4]. Some pioneer researchers gave excellent investigations on uncertainty principle [5 9],
Ref.[10] studied microscopic origin for the apparent uncertainty principle governing the anomalous attenuation, further, macroscopic
quantum uncertainty principle and superfluid hydrodynamics were investigated [11], Ref.[12] researched on non-decidability principle
and the uncertainty principle even for classical systems. Ref.[13] studied hierarchy of local minimum solutions of Heisenberg's uncertainty
principle, furthermore, noncommutative spacetime, stringy spacetime uncertainty principle, and density fluctuations were shown [14].

A. Bina, S. Jalalzadeh and A. Moslehi showed a quantum black hole in the generalized uncertainty principle framework [15], and
Ref.[16] gave a unification theory of classical statistical uncertainty relation and quantum uncertainty relation and its applications.
Pierre Nataf, Mehmet Dogan and Karyn Le Hur further revealed Heisenberg uncertainty principle as a probe of entanglement entropy:
Application to superradiant quantum phase transitions [17].

Giuseppe Vallone, Davide G. Marangon, Marco Tomasin and Paolo Villoresi show quantum randomness certified by the uncertainty
principle [18], Smail Bougouffa and Zbigniew Ficek further reveal evidence of indistinguishability and entanglement determined by
the energy-time uncertainty principle in a system of two strongly coupled bosonic modes [19]. Furthermore, L. Perivolaropoulos gives
research on cosmological horizons, uncertainty principle, and maximum length quantum mechanics [20].

Shmuel Friedland, Vlad Gheorghiu, and Gilad Gour give universal uncertainty relations [21], and Andre C. Barato and Udo Seifert
further present thermodynamic uncertainty relation for biomolecular processes [22].

Since we study the general physical laws of any quantum systems of arbitrary space, so far there is no the corresponding arbitrary
uncertainty principle, so we need to study and give arbitrary uncertainty principle.

So far in quantum physics, all the uncertainty relations are, for the highest considering, the uncertainty relationship about variance
level, higher order uncertainty relation cannot be given out, which leads to, when doing the measurement of any orders of two arbitrary
physical quantities in the real cases, various statistical accuracies are not high, the most general estimations and calculations of physics
quantities cannot be done for general different physics systems.

Because this paper is concerned with any physical system of arbitrary space, so we have to generalize the original uncertain principle to
the most general case, therefore, in this paper, we will solve the theory and representation problem of new any order uncertainty principle
of any two physical quantities, which cannot be solved so far.

This paper is arranged as follows: Sect. two gives a new general unequal theorem in mathematics and a general useful inequality of any
orders of functions of two operators; Sect. three is new universal uncertainty principle of general physics quantities in quantum physics;
Sect. four shows research on a moving particle with mass in a general central force field; Sect. five presents more applications of this
theory; Sect. six shows new general uncertainty relations of general physics quantities in classic statistics; Sect. seven gives summary,
conclusion and outlook.

2. A New General Unequal Theorem in Mathematics and A General Useful Inequality of Any Orders of Functions of Two
Operators
For a u-integrable function fand p > 0, then is u-integrable [23]. Evidently, if fis u-integrable and 0 < p(u) =" () (1) <1, one has

P P

[ vy wdu) <[ v Wl f@l ywdu.

[ raopudu

Defining

7, =(I v (| f (| w(wdm', (22)

where I v ()| f ()| w(u)d u < oo, in order to study the new general essential theorem, we first use the following lemma [24]:

1 1 +
Lemma. If0<c, d, p, q <o and r=;+g=%, there must be
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c” d? L1
—+—2rc'd". (2.3)
p 9
Using inequality (2.3), we can show a new general essential functional unequal theorem.

Unequal theorem. Let 0 <p,q<oand r= L + l, If f and g are u-integrable functions, there must exist
P q

' a4 P
[ vilrelerydus< | w1 wdw" (| y'lgl v @4)
Q Q Q

_ rw Je lg(u)|
lrel,” e,

Proof. In the Lemma, taking ¢ and substituting them into inequality (2.3), we have

1
p

|/ ()g ()

1 B VAT 0
(VA0 (0]

< 2.5)
plrl)  alel

1
p
q

Multiplying inequality (2.5) with ¥*(x) and ¥(¢) from the left and right sides, respectively and integrating, thus we obtain inequality
(2.4).

For a general relation between quantum physics and classic physics, physical consistent property demands that there is a fundamental
result that the quantum average value of any operator in quantum physics is equal to the relative statistical average value of the classic
physics quantity corresponding to its quantum operator, which can be mathematically expressed as [16,25]

[ Xpdu=[ v Xydu={ v Xydu p=y'y, (2.6)
Q Q Q

where X’s concrete function expression (e.g., f) =—ihV ) is generally different from X’s concrete function expression (e.g., P = mr ),
but their average values are the same, which is just physics consistence demand; for any classic real density, it always can be written
as the product of a complex function and its complex conjugate function, i.e., 2=¥ ¥, and we take the complex function as the
corresponding wave function of quantum mechanics. Vice versa, i.e., we can take the product of a quantum wave function and its
complex conjugate wave function as classic density, namely, © =¥ +l,V.

When statistical density 0O of classic physics is not dependent on the corresponding classic physics quantity, then the statistical average

value of the corresponding quantum physics quantity is just degenerated from Eq.(2.6) as the value of the corresponding classic physics
quantity [16,25]. i.e.,

X:)T(:I w*)?wdy,j pdu=1. 2.7

Q Q

Because X is any operator, which may naturally be a composite function of operators /Al, Z;’ , hamely, )2' = )2' (121, E), then Eq.(2.6) can
be rewritten as

[ v X(4Bwdu=[ v X(4,Bydu. 2.8
Q

Q
Eq.(2.8) just is of the basic demand of physical consistent property.

A A A A A A |k
For any positive real number k, when especially taking X (4, B) = ‘ f (A,B)‘ , Eq.(2.8) is degenerated as
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A A A |k
JAB) wdu. 2.9)

[ v lrB) ydu= v

where f'is a general function of classic physics quantities 4 & B, concrete function expressions of f(4.B) & f(4,B) are generally

A A A 1B 31 B B AR B4 1R? BAR B2 4 . .
different with each other as usual, e.g., f(4,8)= AB+BA§+§AB;BA _AB +2BABTB A i different from f(A4,B)= AB*; and the absolute
value mark in right hand side of Eq.(2.9) means that after tﬁe operators have acted on the wave function, one should concretely take the

whole obtained values contributed from the operators as modulus value, due to ‘ f (Ql,é)‘k operators’ action chacracter necesarily acting
on wave function so that the average value expression of the opreator function in Eq.(2.9) is equal to the average value expression of its
classic physics quantity function, which is just the physics consistence demand and can give a constrainting equation determinting the
correspondenc between the quantum system and its classic physics system. For exmple, a concrete application can be found in inequality
(5.2).

Using inequality (2.4) and Eq.(2.9), we can get a general useful inequality
Jv
Q

From the above research, it can be seen that inequality (2.10) is general, exact and perfect in both mathematical deduction and physics
research. Inequality (2.10) is a general expression of the real Universal Uncertainty Principle in Different Quantum Theories. Using
inequality (2.10), we can do a lot of investigations in different quantum theories.

Ié

' X 4 .
wrydp<([ || wdw ([ v lel yawr (2.10)
Q Q

3. New Universal Uncertainty Principle of General Physics Quantities in Quantum Physics

From current quantum uncertainty principle mathematics derivation and analysis of the entire physics’ building process, only simply
taking Schwarz inequality related to the variance of two physical quantities in the uncertainty description of the same time measurement
is just a special case, because, according to a general principle, a real system of quantum physics also abounds non-Schwarz inequality
to calculate measurement uncertainty description of the variance of two physical quantities at the same time, the variance description
relating to Schwarz inequality is just a special case of them. Consequently, the current quantum theory about the description of the
uncertainty principle is not comprehensive, not perfect and not strict enough, to overcome these shortcomings, we now need to put it to
the most general case.

Now we use inequality (2.10) to deduce new uncertainty principle of any orders of two physical quantities in quantum physics in

following studies.

For any operators 4, B, we take f = Ad=A—< A>,¢ = AB = B—< B> and substituting them into inequality (2.10), we have
+
[v
)

S(I 7

AAAB

9
[A4,AB]+{A4,AB}""" wd u

2 1
"Pydy = ﬂj Y

2q+p Q

(3.1)

Ad t//dﬂ)qz”(j w8 l//du)ﬁ

ForHermiteoperator{Agl, Al}} =X Handanti-Hermiteoperator[Azzl, AB 1= [1:1, B 1= );aH,wegenerallyconsiderthattherearetheireigenstates

|(Dx> and |(DY> such that X |(I)X>+Yal-[ (DY> =Xy |(DX>+iYaH

where X, and Y, are real values, using general complete normalization conditions Z |(1>X(x)> <¢X (x)| =1(= _[ |(Dx(x)> <(Dx(x)| dx
) ) =1(=| |® ) d

for continuous variables) and Zy: | Y(y)>< Y(y)| ( I | y(J/)>< y (y)| )y

integral quantization method [26], then inequality (3.1) can be again expressed as

q)y> (because anti-Hermite operator eigenvalue is imaginary number),

for continuous variables), namely, using the path

Adv Theo Comp Phy, 2025 Volume 8 | Issue 4 | 4



1 PP A
[ v (A4, ABY+ 4, B ydu
29 @
1 . N R qu
=——[v'[] £,]0 @)@, @)]dv+] T, |0, ()@, ()| |7 pdu
g ® (3.2)
1 \ , e
=—— [ v'|[ Xu @@ @)@, @)]dr+i] ¥, ()|@, ()@, ()| dy|"? yd
2q+p9

<[y AB| vy
Q

Ay |
Q

For a general complex ¢ = a + ib, one has |C| = |a * ib| 2 |b|, thus using inequality (3.2), we can similarly have

1 + _4qpP_
qp J. 4 J. X;H(J’)|(Dy(J’)><®Y(y)|dyq+P l//dlu
20 @
1 A .
=— | Vs 0, ) @,y ydu (3.3)
2q+p Q

_p
A

<([ v | l//dﬂ)qz”(f '
Q Q

Therefore, we achieve

P
[4,B] AB[ yd )" (3.4)

=V

2q+p Q

. oy _q
”r l//dué(j y' AA\ l//dﬂ)“”(j y'
Q Q

where inequality (3.4) is stronger inequality than inequality (3.2), because we have deleted the first term in the third line in inequality

3.2).

Inequality (3.4) is just the new universal uncertainty principle of any orders of two physical quantities.
When p = g, inequality (3.4) can be further simplified as

Sl
22 Q

1
AP —
AB‘ wdu)? . 3.5)

P 1
A A2 clanp 5 +
[A.BI ydus([ v |a] yduy ([ v
Q Q
When p=2, inequality (3.5) can be again simplified as
Le o
T4

Inequality (3.6) is just the old well-known usual uncertainty principle. Therefore, our studies are consistent with current theory.

12 1
AB‘ wd ). (3.6)

(4, Blydu<(] v
Q

A2 1
M ydw?([ v
Q
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4. Research on A Generally Moving Particle with A General Mass in General Central Force Field in Quantum Mechanics
For a generally moving particle with a general mass in general central force field in quantum mechanics

V=—rﬁa,ﬂ>0, (4.1)

using Virial theorem, we have the mean value relationship between kinetic energy and potential energy in any bound state

d p

<T>:—ll7-;7:l<F-VV>:—l<r——>:—g<V>. (4.2)
2 2 dr r®

Thus we have total energy

E=<T+V>=(1—2)<T>=(l—g)<V>=(g—1)ﬂ<i>, (4.3)
a 2 2 re

when 0< a < 2, Eq.(4.3) take a negative value, then the system has the different bounded states, i.e., this system may form stable matter
state.
On the other hand, using the deduced inequality (2.10) and taking f=r, g =", we deduce

J v

Q

-1
rr

v
r‘l‘q wd)™" .. (4.4)

. » 4
wrydu=1<([ vl wdw™ (| v
Q Q

Thus we generally deduce
1

49
(| vl v
Q

P
[ ydprr

(I s : (4.5)

inequality (4.5) is new inequality that cannot be deduced in the past, gives new physics and is very useful and important in quantum

P
+1,.-1]7 q+p
theory, quantum field theory, atomic physics etc., i.e., inequality (4.5) gives the new physics connection between (I v ‘r 1‘ vdm™ and
1 Q
J, , _a_ for a generally moving particle with a general mass in general central force field, which cannot be given in current

() v || wdw*”

qﬁzantum mechanics. When p = ¢, inequality (4.5) is further simplified as

7

1

1
(I v 71‘[) pdu)* = T (4.6)
o (| vl wduy?
Q

when p = a and r & r! are bigger than zero, inequality (4.6) is finally simplified as

Loy L @7

ra < ra >1/2
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Inequality (4.5) is, for the first time, achieved, which can be extensively applied to a lot of problems of central force fields in quantum
mechanics, atomic physics and so on.

Using Egs.(4.1) and inequality (4.7), we deduce

~ ~

D2 D2
E:<T+V>:<P—>+<—£>£<P—>—L. (4.8)
2m r” 2m <re>

On the other hand, using uncertainty relation

ArAp, > g, (4.9

for the bound states in quantum mechanics, one has
2

<ﬁ >= O,AZ)Z :f)zj prz :Aprz 2& . (4.10)

Using Eq.(4.10), for ground state, we can only consider component, then expression (4.8) can be further expressed as

2

E=<T+V>:£+<V>
2m
h? 1 1
> 00000 O  _B<c—> , 4.11
8m<ri>—<r>’ P P .11)
2
<h_ 1 _ 1

a

T8m<rt>—<r>? <r“>

where the last line uses inequality (4,7).

For the bound state, expression (4.11) also needs to be smaller than or equate zero. Thus taking inequality (4.11) equal to zero, we have

2 1 1
L > ==p ,or <r” >=8mzﬁ(<r2>—<r>2), (4.12)
qm<r >—<r> <r®> h

where 0< a < 2, the different a values give different central force field characters, for « = 1, which is just the case we are very familiar
with [25], and 8 may be, €.g. 5=Ky, |0.0,|, 0.0, are any charges the new any system is with, e.g., some kinds of electric charges,
magnetic charges, mass charges and so on [27], K, 0, 18 the corresponding coupling coefficient.

When a = 1, Eq.(4.12) can be rewritten as

b<r>*+<r>-b<r*>=0

— R 4.13
<r>:2—;i\/1/(4b2)+<r2> 19

8mp . . D
where © =72 » Eq.(4.13) shows that <7 > is a function of < > > and relevant parameters szﬂ when the bound state is disintegrated.

Thus, expressions (4.11)-(4.13) have extensive uses in quantum mechanics, atomic physics and so on, because they are very general
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expressions, which cannot be given in the current quantum theories.

For example, we consider the most common expression of Lennard-Jones potential (a useful model for the interaction of a pair of neutral
atoms or molecules ) [28]

v, = 4e[(§>” —(%)6], (4.14)

where ¢ is a distance of the inter-particle potential being zero, ¢ is a depth of a potential well, 7 is a distance between the two particles,
the Lennard-Jones potential is extensively and accurately used in computer simulations [28].

The 2 term describes, at short ranges, Pauli repulsion due to overlapping electron orbitals, and the ¢ term describes, at long ranges,
attraction (dispersion force or van der Waals force).

Potential (4.14) was improved later as [29]
iy O
Vy=7le"™ —(=)°]. (4.15)
r

it is a very good and useful potential at long and short distances for neutral atoms and molecules.

Using Eq.(4.15), we have

<V, >=yl<e >-<(Z) >]
r (4.16)
6 b
<yl<e’ >— 0-6 ]
<rf>

where we used expression (4.7). Expression (4.16) gives a quantum average max value for the improved potential, which cannot be
obtained in the past quantum theories.

5. More Applications of This Theory
Using Eq.(2.9), we have

1 noa 1 .
qp .[ W+ [A’ B] o l//dﬂ = qp .[ l//+ |{A,B}1h|q+p l//d/u
24ty @ 24+p @ 5.1)
B ar_
=) [ v A, BYorr yd
2 Q
A,B
where {A,B}(=[.’7]) is Poisson bracket in classic analytical mechanics, which means when quantum quantities return to classic

quantities, peoplel need to change the quantum commutative relation to the corresponding classic commutative relation. These changes
guarantee that our investigations are consistent with all current relevant theories.

When 4= x.B=p ;, inequality (3.4) can be simplified as

! NS 1 e o
ﬂ.“ v |[xf>pj]"+”‘//dﬂ= ﬂf ' |ins, e wdu
oXagd Q e 2

(5.2)
L
Ap, [ yd )

A _4qp_ i 49
=8 ([ v A wdw™ ([ v
Q Q
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When p = g, inequality (5.2) can be further simplified as

h 2

1
()78, =( [ wiias, M| wduy. (53)
Q

1
Z0(N
Q

When p = 2, inequality (5.3) can be further simplified as

1
RS 8, wdpy? (5.4)
Q

1
“ydp? ([ v
Q

Inequality (5.4) is just the current well-known uncertainty principle between X, and P ;. Therefore, our studies are again concretely
consistent with current theory.

1 1/2 —rla,
For example, we further consider the hydrogen atom ground state Yioo = (ﬁ € [25], due to the sphere symmetry property of the

ground state ¥, , we easily obtains X, = p, (i = 1,2,3) [25], substituting these Zero average values into inequality (5.2), we have

q P ap
e ([ otln I 77 s (Mg
([ v sl wdw ([ v |p)[ waw =) s, (5:5)
Q Q 2
No losing generality, taking p = 3, ¢ = 2 in inequality (5.5), we get

.2 2 onst
b| wduwy 2()°5;. (5.6)

1 A3 —2r/aq, 2 +
(_3)2/5(J' £ ez/“d,tl)S(J- v
a, o Q

For simplicity and no losing generality, taking i = j = 3, k = 2/a and calculating the first integration, we have

J

Q

= _(r/2 + J‘”/Z )I: |cos 9|3 e r’drd cos 02

0

A

X3

3 e—zr/ao dﬂ — _J. |I’ coS 0|3 eizr/a"rzd CcoSs 0di’d¢
Q

_ /2 4 T 4 0 k5
_—(jo d cos 9/4—L/2 d cos 49/4)j0 e rdran

=—(-1/4 —1/4)"-0 e rdrar = 72'.[0 e ridr (5.7)

_ dste _ d s 1
=70 jo e a’r-—;r(%) 7

= —7(=DEDE) A = 15?” a

Calculating the second integration, we obtain

+
[ v
Q

where j = 1,2,3, and we have used the sphere symmetry property of the ground state ¥, .

2

2| ol 2 _ /]
Bl wdu=n 5([ Vil du=05 (5.8)

f’j‘z pdu= %J. v
Q

Putting expressions (5.7) and (5.8) into expression (5.6), we can deduce
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3
5 3
ydu)®

1 —2r/a, g + 1A
(=] [ e dwy ([ v |p.
Ta, o Q

| (5.9)
=(—)""(

157 o} WY A
Ta, 8 3

a,')’ (7)g 2 (5)5

Inequality (5.9) can be simplified as

5/152(1)3 = §/2:5>1 . (5.10)
3 3

Thus we see that not only all quantities are with the same dimensions between two sides of inequality (5.9), but also their coefficients
of two sides satisfy the inequality.

Consequently, it can be seen that inequality (5.10) just shows the correction of inequality (5.6) in real physical experiments e.g., relevant
to hydrogen atom physics experiments.

These are consistent with all the known results and include the achieved successes in quantum theory.

Using inequality (3.4), we can give all uncertainty relations of any orders of two physical quantities, which can be applied to atomic
physics, quantum mechanics, quantum communications, quantum calculations, quantum computer and so on, e.g., to Refs. [12-21].

6. New General Uncertainty Relations of General Physics Quantities in Classic Statistical Physics

Using the unequal theorem, when f and g are classic physics quantities, and taking © = 'y density function, then unequal expression
(2.4) can be rewritten as

[ el pdu< [ 11" pdry ([ lef pdw)*”.  (©1)
Q Q

Q

When p = g, inequality (6.1) can be further simplified as

[ Vel pdu< ([ |1 pduy [ Lol i . 62

Q

When p = 2, inequality (6.2) can be again simplified as

[ |felpdu<| |/ pduf |of pdu. (63)
Q Q

Q

Further when taking , inequality (6.3) is reduced as

[ 1reldus<]| /T du] |ef du. . (6.4)
Q Q

Q

Inequality (6.4) is just the well-known Schwarz inequality. Therefore, our studies are consistent with current statistical theory.

7. Summary, Conclusion and Outlook
We first simply review the development of uncertainty principle, and then use a general unequal lemma to deduce a general unequal
theorem of any orders of any two functions with integrations.
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This paper deduces an important relation between a composite function of operators in quantum physics and a composite function of
classic physics quantities of corresponding to the operators, further utilizes the relation and the unequal theorem to achieve a general
important inequality. Using the inequality, we show new universal uncertainty principle in current different quantum theories, namely,
new universal uncertainty principle of any orders of physical quantities in quantum physics, solve the difficult Puzzle that current
quantum computer, quantum communication, quantum control, quantum field theory, particle physics and so on theories cannot give
exact values of general uncertainty of any orders of physical quantities, further, we give all relevant different expressions of the universal
uncertainty principle and their applications.

For examples, inequality (3.4) is just the new uncertainty principle of any orders of physical quantities in quantum physics. When p =
q, inequality (3.4) can be further simplified as inequality (3.5); when p = 2, inequality (3.5) can be further simplified as the well-known
usual uncertainty principle expression. Therefore, our studies are consistent with current theory and real physical experiments, e.g.,
relevant to hydrogen atom physics experiments.

For a moving particle with mass in a general central force field, using Virial theorem, we achieve a new general average value
relationship (4.2) between kinetic energy and potential energy in any bound state, thus we deduce the total energy (4.3) proportional to

<1/r* > (0<a<2).
. a

Furthermore, for the general potential, we generally deduce a new radial general interesting inequality < ™7 >9*7 > 1/ < p? >*F
(4.5), which cannot be deduced in the past and can give many new applications in relevant redial calculations in different quantum

theories.
qp

q
+
lIP<

AP
We further achieve a new key important inequality |Ax | ( )q ! (0 <p, q <o), when p =g =2, which is just
the well-known usual uncertainty relation between x, and p Therefore our studies are again concretely consistent with current theory.

On the other hand, using the deduced unequal theorem, unequal expression (2.4) can be simplified as inequality (6.1), when p = ¢ =
2, inequality (6.1) can be further simplified as the well-known Schwarz inequality. Therefore, our studies are consistent with current
functional theory.

Using the new universal uncertainty principle expression (3.4), we can give all uncertainty relations of any orders of physical quantities
in quantum physics, which can be applied to quantum field theory, particle physics, superstring theory, quantum cosmology, quantum
optics, nuclear physics, atomic physics, quantum mechanics, quantum communication, quantum calculations, quantum computer,
condensed matter physics and so on, because, in these theories, they all use their corresponding quantum theories and the uncertainty
relation to investigate and solve their relevant problems. Therefore, up to now, a lot of all the articles and textbooks related to the
universal uncertainty principle need to renew urgently doing and would be updated.

The meanings of the statement and the physical motivation to derive this equation (2.10) are made clear and explicit in the paper, e.g.,
in the 125th anniversary, Science issued the 125 scientific problems of the world’s leading frontiers [31], for the 21th issued question: is
there a deeper principle behind quantum uncertainty and nonlocality? This paper is trying to do some of the work solving the problem.
One of the mathematical expressions of the deeper principle behind quantum uncertainty and nonlocality must be or at least include
the most general mathematical inequality (2.10), because inequality (2.10) is general, exact and perfect in both mathematical deduction
and physics research of fitting physics experiments. In fact, it can be seen from this paper that inequality (2.10) is a general expression

of the real universal uncertainty principle and nonlocality in current different quantum theories. Because for the most generality,
ap

we deduce from inequality (2.10) that when <|AP | >q+p_>0 < >q+p> (5 )q+p/<|Ap | >0 ”—)oo (0 < p, q < ), which
means just the most general nonlocality of the corresponding system; when p=qg= 2 inequality (2.10) is just simplified as the well-

known usual uncertainty relation between x, and ]5_/-, ie., when Ap >0, Ax= ﬁ — % which means just the current nonlocality
of the corresponding system. Using inequality (2.10), people can do a lot of investigations and useful applications in current different
quantum theories, e.g., quantum field theory, particle physics, atomic physics, quantum mechanics, quantum communication, quantum
calculations, quantum computer and so on.

It can be seen from the investigations of this paper that this paper opens a new field investigating new universal uncertainty principle
of any orders of physics quantities in current different quantum physics, the achieved results in this paper are both useful and exact,
because this paper will largely influence the research of the other branches in physics, e.g., atomic physics, quantum mechanics, quantum
communication, quantum calculations, quantum computer, quantum field theory, particle physics and so on, because all current the
branches of physics cannot give the exact description of all high order statistical moments so that they cannot give the corresponding
rigorous statistical description theory, however, using this paper’s theory, people not only can overcome the key Puzzle, but also can open
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a new field investigating new universal uncertainty principle of any orders of physics quantities in current different quantum physics.

For any statistical system, it is very necessary to give an exact description of all high order statistical moments in order to give a rigorous
statistical description theory [30]. The same is true for any quantum statistical physics system [25,30]. In the current theory of quantum
statistical physics systems, there is only the same time measurement uncertainty description of the variance of two physical quantities
[25, 30], and a lot of the rests of the more, stricter and more general descriptions so far has not been given. This paper just gives these
descriptions that so far have still not been given, which overcome the difficult Puzzle that it is not possible to strictly describe the
physical systems related to the aspect of the universal uncertainty principle, so as to give a new general description theory of the quantum
physics relating to the universal uncertainty principle [31-33].
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