
Heisenberg-Limited Uncertainty for 
Ultrafast Electromagnetic Pulses 

The common form of the Heisenberg Uncertainty Principle, ∆x ∆px⋅ h
4 π⋅

≥ , is derived from the 

commutator relation: σf σg⋅ 1
2

≥ ·|<[f,g]>|. Although time is not an operator, an energy-time relation can 

be drawn from the above formula:
∆E ∆t⋅ h

4 π⋅
≥

and from this, several other relationships,
∆ν ∆t⋅ 1

4 π⋅
≥ since frequency is proportional to energy, all energy relations can be derived from this
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Energy Solution

∆ν 1
4 π⋅ ∆t⋅

≥ ∆ν ∆t( ) 1
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:=

Wavelength Solution

w
8− π⋅ c⋅ ∆t⋅ 2 16 π2⋅ c2⋅ ∆t2⋅ λc
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= formula for width

w ∆t λc,( ) 8− π⋅ c⋅ ∆t⋅ 2 16 π2⋅ c2⋅ ∆t2⋅ λc
2+⋅+:=
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t offset 13←

T100 i⋅ j+ 10 i 1+( )⋅−
j

10
10 i offset+( )−⋅←

j 10 100..∈for

i 0 5..∈for

sort T( )

:= calculates 90 data points for each order of 
magnitude of time

t submatrix t 0, rows t( ) 1−, 0, 0,( ):= t t sec⋅:=
i 0 rows t( ) 1−..:=
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