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Definition [edit]

In non-relativistic guantum mechanics, the probability current 5 of the wave function W is
defined as

j=5— (U'VU - UVI") = —Im(¥*VT) = Re(¥*—VV)
2mi m im
in the position basis and satisfies the quantum mechanical continuity equation
dp = -
otV I=0
with the probability censity (2 defined as
p ="

The divergence theorem implies the continuity equation is equivalent to the integral eguation

%, f
ot v

where the V'is any volume and § is the boundary of V. This is the conservation law for

UVt [ §-dA=0
&

probability in guantum mechanics.

In particular, if \IJ is a wavefunction describing a single particle, the integral in the first term of
the preceding equation (without the time derivative) is the probability of obtaining a value within

V when the position of the particle is measured. The second term is then the rate at which
probability is flowing out of the volume V. Altogether the equation states that the time derivative
of the change of the probability of the particle being measured in Vis equal to the rate at which

probability flows into V.



Examples [edit]

Plane wave [edit]

The probability current associated with the (three dimensional) plane wave
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i5
T 1 2 (E—i'ﬁ-i"ﬁ E,i'F-E-i" . Ei'ﬁ-i*ﬁ'f,—i'ﬁ-iﬁ) — _1| E&
2mi m
This is just the square of the amplitude of the wave times the particle's velocity,
y  hk
g P _F
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Mote that the probability current is nonzero despite the fact that plane waves are stationary
states and hence

everywhere. This demonstrates that a particle may be in motion even if its spatial probability
density has no explicit time dependence.



Particle in a box [edit]

The energy eigenstates of a particle in a box of one spatial dimension and of length L are, for

nw
\" - Slll .I'

and zero elsewhere. The associated probability currents are
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Not the Wind, Not the Flag

Two monks were arguing about a flag.

One said: "The flag is moving."”

The other said: "The wind is moving.”

The sixth patriarch happened to be passing by.
He told them:

"Not the wind, not the flag; mind is moving."”

As the seventeen monks were walking toward her,
Miaoxin said, it's not the wind moving, it's not the
flag moving, it's not the mind moving."
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