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One central issue in quantum mechanics is the relation
between the wavefunction and the quantum system it de-
scribes. As quantum mechanics is understood in differ-
ent ways, the wavefunction is given various explanations.
Some regard the wavefunction as ”epistemic”, that is,
something reflected in the human mind, and some regard
it as ”ontological”, i.e., something realistic. The ortho-
dox interpretation of quantum mechanics of Copenhagen
[1, 2] is epistemic and treats the wavefunction merely as
a mathematical quantity. Recent examples of the onto-
logical interpretation include the random discontinuous
motion [3], ”Wavefunction Is the System Entity”(WISE)
interpretation [4], and information complete interpreta-
tion [5]. WISE treats the wavefunction equivalently as
the quantum system itself, that is, the quantum system
is just the wavefunction, and the wavefunction is just the
quantum system. These two are exactly the same. The
quantum system, which is also the wavefunction, can ex-
ist in disjoint regions of space, travel at a finite speed,
and collapse upon measurements. An encounter-delayed-
choice experiment has been proposed and experimentally
demonstrated recently [6].

In this short communication, we will concentrate on
the partial measurement issue and give an explanation
concerning the WISE interpretation. The essential idea
of WISE is given in Ref. [4], together with the linear
combination of unitaries (LCU) formalism of quantum
computing. LCU has now become one of the major tech-
niques in quantum algorithm design. The quantum cir-
cuit implementation of LCU is given in Refs. [7, 8], and
a review of the subject is given in Ref.[9].

Partial measurement postulate. We recall first the
measurement postulate in standard quantum mechanics.
If a particle is in state |Ψ〉, a measurement of the variable
(corresponding to) Ω will yield one of the eigenvalues
ω with probability P (ω) ∝ |〈ω|Ψ〉|2. The state of the
system will change from |Ψ〉 to |ω〉 as a result of the
measurement [10].

What will happen if the measurement is on part of the
wave function (partial measurement) rather than on a
full wave function (full measurement)? For instance, in
a three-slits system, if one places a detector immediately
after the first slit and places no detectors in the remaining
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two slits, then a partial measurement is established. Here
we give the details of the partial measurement.

Using the quantum circuit realization in Refs. [7, 8],
the wavefunction of an electron passing through a d-slit is

represented as |Φ〉 =
∑d

i=1 ci|ψi〉|i〉, where |i〉 represents
the i-th slit, and |ψi〉 is the sub-wavefunction in the i-
th slit. For simplicity, we assume that |ψi〉 = |ψ〉. The
wavefunction is normalized, namely

∑
i |ci|2 = 1.

In the WISE interpretation, these sub-waves as a whole
form an ”electron”. Thus, it is easy to comprehend that
an ”electron” passes through the d-slits simultaneously.
The ”electron” is no longer a rigid sphere. It is dis-
tributed in space, even disjointedly. It changes its shape
as the wavefunction changes.

If one places a detector just after slit-1, then there
is a probability |c1|2 that the detector will measure the
electron, and the whole wavefunction will collapse into
slit-1. What would happen if the detector at slit-1 does
not get a result? To this end, we rewrite |Ψ〉 as

|Φ〉 = c1|ψ〉|1〉+
√

1− |c1|2|ψ〉|S2〉, (1)

where

|S2〉 =
d∑

i=2

ci√
1− |c1|2

|i〉. (2)

Eq. (1) is like a double-slit experiment with slit-1 and
slit-S2. If we imaginarily place two detectors, one at
slit-1 and one at slit-S2, then there is a probability |c1|2
that the detector will measure the electron at slit-1, and
the whole wavefunction will collapse into slit-1, and a
probability 1-|c1|2 that the detector at nominal slit-S2
will measure the electron. By this heuristic reasoning, we
give our partial measurement postulate, which is a novel
development of the measurement postulate of standard
quantum mechanics:

Suppose a quantum system is in state
∑M

i=1 ci|ωi〉 +∑d
j=M+1 uj |ωj〉, where

∑
i |ci|2 +

∑
j |uj |2 = 1 , ωi is

one of the eigenvalues of observable Ω, and |ωi〉 is the
corresponding eigenvector. If part of the wavefunction,∑M

i=1 ci|ωi〉, is measured in variable Ω , then the result
of the measurement will be one of the following:

(1) Collapse-in: One eigenvalue ωi will be obtained
with probability |〈ωi|Ψ〉|2 = |ci|2, where 1 ≤ I ≤M . Af-
ter the measurement, the state of the system will change
instantly from |Ψ〉 into |ωi〉.
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(2) Collapse-out: The part of the wavefunction being
measured will disappear, and the state of the system will
change instantly to the unmeasured part, namely, with

probability 1−
∑M

i=1 |ci|2,

|Ψ〉 → 1√
1−

∑M
i=1 |ci|2

d∑
j=M+1

uj |ωj〉. (3)

Collapse-in and collapse-out of partial measurement
happen randomly not only in space, but also over time.
Though it is seldom discussed, partial measurement ap-
pears very often in reality. For instance, the detection
of a photon by a detector can be naturally understood
in terms of this partial measurement postulate. When
the wavefunction of a photon goes to a detector, it is
not measured as a whole at the same time. Its front
part arrives at the detector first, hitting some area of
the detector. It can collapse-in at any point of the inter-
secting area, with respective probabilities (randomly in
space). If the collapse-in does not happen, then collapse-
out happens instead. The front part of the wavefunction
will disappear, and the corresponding probability will be
shifted to another part of the wavefunction. At the next
instant, collapse-in or collapse-out happens again. This
process continues until the photon is detected. If the
photon has not been detected until the last part of the
wavefunction reaches the detector, then the amplitude of
this remaining wavefunction increases to the full so as to
give a probability 1, so that the photon will be surely
detected at the final step.

Measurement is reaction. The essential process of
a measurement is an enhanced and concentrated reaction.
A photon may react with a single atom in free space with
a tiny probability. In a detector, a huge number of such
atoms are concentrated in a small area, thus the probabil-
ity of such reaction is increased tremendously. Of course,
in addition to such concentration effect, there exist other
effects in a detecting process, such as the avalanche effect
in a photon detector.

When reacting with other quantum systems, a quan-

tum system takes part in as a whole according to the mea-
surement postulate, rather than just a part of the quan-
tum system. Schrödinger once wanted to treat the wave-
function of an electron as an electron cloud, but finally
abandoned it because no partial electric charge could be
found. If we make an assumption that a quantum system
takes part in a reaction as a whole, then this difficulty
can be overcome easily. The WISE interpretation goes
further to treat the wavefunction of a quantum system as
the quantum system itself, thus answering similar ques-
tions like why no fractional electric charge is found. This
wholeness nature of a quantum system is also important
in understanding why a photon can preserve its proper-
ties after being generated for many years and traveling
a long distance of many light years: if it reacts with an-
other quantum system in an interstellar matter on its way
to the Earth, it will react wholly (leading to a collapse-
in measurement); otherwise, it will retain its properties
(collapse-out, with part of its wavefunction ”bitten” by
the encountered interstellar matter, and with respective
probabilities shifted to other parts of the wavefunction)
and continue its way to the Earth.

The measurement process takes place randomly in
space over time. It is NOT governed by Schrödinger
equation. Actually, it is governed by something beyond
quantum mechanics. Thus, in the view of the WISE in-
terpretation, the world is a mixture of determinism and
randomness. All quantum systems are evolving accord-
ing to Schrödinger equations with respective interactions.
Because of the inter-interactions between different sys-
tems, reactions occur with varied probabilities, randomly
in space over time. These reactions are objective.
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