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The Meaning of eB-E 7 AQubits Phass asa Clock Hand

The highlighted expression

ef-Eta

isa compact way of writing a rotating quantum phase. In the parentdocument itappearsas the time-de pendent factor in the qubitstate

|Bitin=frac|0@+em-im o] 1mi 2).

The parentdocumentdirectly supports the interpretation that this factor is what makes the quabit "tick”™. not by producing a physical click, but by changing the relative phase between the two compone nts of a superpesition ata
predictable angular frequency B The exprassion itself issmall butitcarries the central physics of a two-level quantum clock.

AComplex Mumber Fotating in Time

The quantity eEHE t1sa complex number of unit magnitude. By Euler's formula,

el @=cos(@ Y-isin(@t).

Here 1isthe imaginary unit tistime, and Bisan angular frequency, measured in radians per sacond. As tincreasas the pointelHB @ movesaround the unitcircle in the complex plane. Its magnitude remains fixed:

oftjer-iata=1,

soitdoss not make the |18 part of the qubit larger or smaller. ltonly changes its phass.

Thisdistinction matters Acoefficientsuch as 2| 1Bwould change an amplitude’ssize relative toother components By contrast multiplying by eB-il B changes only the direction of the complex coefficient Inquantum
mechanics such phasa directionscan be physically meaningful when they are relative phasas betwee n differe nt com ponents of a supe rposition.

In the parentdocumentsstate,

|mitin=frac|0n+em-im @] 16mi 2),

the two com pone nts still have equal magnitude. The probabilities of finding |08 or [18in a direct energy-basis measurement remain 1/2 and 1/2. Whatchanges is the relative phase between them. Thatchanging relative
phass isthe “clock hand.”

Where the Factor Comes From

The standard source of et is the Schradinger time-evolution rule. Ifa quantum state hasdefinite energy E then undera time-inde pendent Hamiltonian itevolves as

|B(tiE=em-iEYh barm|Ei0)a

where hbar is the reduced Planck constant This isone of the basic consequences of the time-de pendent Schradinger equation [Sakuraiand Napolitano 20171,

For a tworlevel system whose basis states [0Band | 18are energy eige nstates supposs
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H|oE=Eg|on H|1e=Ex|18

Itthe initial state is

|mi0iE=frac|om+| 16m(2),

then each energy componentaccumulates its own phase:

|mitia = fracem-iEat/hba ra|08-+eE- ERth bara| 16(2).

The overall factor eB-iEBYhbar® multiplies the entire state, soitisa global phase. Global phasasare notdirectly obezrvable in ordinary quantum measurements Factoring itoutgives

|mit)e = e Bt/ hba i frac|08+em-i ER- Rt h ba ] 16m(2).

Dropping the physically irrelevantglobal phass leaves

|aitia = frac|Dm+em-in @] 1m0 2),

with

B=(Ex-Eq) /(hbar).

Thus inthe parentdocument’s interpretation, B1s notan arbitrary symbol. Itis the angular frequency associated with the energy splitting between the twoquibit states. This isthe connection that letsa qubit behave like a
clock: energy difference becomes phase evolution, and phass evolution becomesa time marker.

Why the Phasz |s RFelative

Acrucial point is that 8B+ 1 is meaningful here becauss itisattached toonly one branch of the superpesition relative tothe other. If the whole state were multiplied by the same factor,

|BitinEem-io tnlaie

then the factor would be a global phase. Such a phase does notchange measurement probabilities and is normally unobse rvable.

Butin

frac|0@+emHiE @) 1m(2),

the phass changes the relationship between [0Band |18 That relative relationshipcan be revealed by interference measurements For example, measuring only in the |08 |16 basis cannotsee the phase, because both
outcomes still have equal probability. But measuring ina superposition basis can convert phase into population differences This is the same broad logic behind Ramsey interferometry, where accumulated phass isinferred
through later interference rather than directly obse rved asa visible hand on a dial [Ramssy 1950].

Sothe expression elHE t should not be read as "the qubitvisibly displays time.” It means that if the qubit remains coherentand ifone hasan appropriate phase reference, the relative phass evolves predictably with time.

The Sign in the Exponent

The minussign in

=20 2]

Quantum clock synchronization (CC5) Page 2



TheoryTrace Quantum clock synchronization (GCS)

Document3.1.1- Al explanation: $e+[-lomega tl$ June 14 2026 05:21 KST

comes from the conventional form of Schradinger evolution,

Uitl=e@-iHt/hbar.

With the usual convention that E8=ER the relative phase of |18 compared with [OBappearsas

ef-i(ER-Edthbard

One should be careful not tooverinterpret the sign by itsslf. Some authorsdefine the Hamiltonian, basisstates rotating frame, or phase convention differantly. In ancther convention one mightsee e+ gt The physical
content is not the isolated sign but the predicted relative phase and the measure ment statistics that follow from it Toverify the parentdocument’s expression, the reader should check which state has the higher energyand
which global phase has been factored away.

The Periodic Nature of the Tick

Becausa the phasz lieson the unitcircle, it re peats whenever

pteat+2a

The phase therefore has period

T=(2a/(d.

This means the qubit’s phase does notencode unlimited abeolute time by itself, Itencodes time moduloone period unless additional information issupplied. IFEt=0, 28 or 48 the phass factor isagain 1. If@t=A the phass factor is
-1, and the state becomes

frac|0m-| 1m0 2).

On the Bloch sphere, thiscorresponds toan equatorial state rotating around the vertical axis The “tick” iscontinuous rotation, nota ssquence of discrete clicks. The period 208 s the time for the phass hand to return toits

original direction.

What Must Bz True for This Expression to Describe a Clock

The parentdocument’s uss of BB 8 is theoretically standard, but itsapplication to transported "ticking qubits” depends on s2veral assumptions The two basis states should behave like stable energy eigenstates, or at least like
states whoes relative phase evolves ina known way. The energy splitting should be known wellenough thatBcan serve asa clock frequency. The superposition must remain coherentduring transport because decoherence
wiould destroy the off-diagonal phase information that eB-iE t re presents Finally, Alice and Bob need a way tocompare the qubit phase against local phase references without such a reference, the phase is notan absolute
timestamp.

Thusthe highlighted factor is best understood as the mathematical trace of the qubit’s internal phass evolution. It isdirectly supported by the parentdocumentas the term that "ticks” butverifying the reasoning requires
checking the Hamiltonian convention, the removal of global phass, the relation B=( E&-EH)/hbar, and the operational procedure by which the relative phass iseventually measured.

Peferences

[Ramsay 1950] M. F. Ramsay, "A Molecular Beam Resonance Method with Se parated Cscillating Fields ™ Physical Review 78, 6950599 (1950). DO 10.1103/PhysRev.78.695

[Sakuraiand Napolitano 20171 J. J. Sakuraiand J. Napolitana Modern Quantum Mechanics 2nd ed, Cambridge University Press 2017,

[Miglsan and Chuang 2010] M. A Nielsenand |. L Chuang, Quantum Computation and Quantum Information, 10th Anniversary ed. Cambridge University Press, 2010,

Quantum clock synchronization (CC5) Page 3



