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MEASUREMENT TYPES

• Projection measurement
• Weak continuous measurement
• Weak measurement

• Quantum non-demolition (QND) measurement
• POVM (positive operator-valued measure)

• Standard quantum limit (SQL, shot noise limit)
• Precision measurement beyond SQL



BASIC PICTURE

• A “probe” is coupled to the “system”.
• The probe is “read out”.
• Both the system and probe are quantum.
• A classical device is assumed to read out the probe.

VON NEUMANN’S PICTURE



Ĥtotal = Ĥsystem + Ĥprobe(X̂ , P̂) + gÂ⌦ P̂
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a |ai ha| the quantity to measure
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X̂ the ”scale” to read out
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P̂ conjugate to X̂ , [X̂ , P̂] 6= 0
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IDEAL CASE

• Measurement time is short enough; 
the coupling, g, is strong enough.

• The probe “position” discriminates well the eigenvalues of the 
observable in question.
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REMAINING QUESTION
HOW TO ESTIMATE THE PARAMETER?
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For a given a, 



READ-OUT TYPES

• Direct read-out
• Interferometer (e.g., Ramsey interferometer)



'

i÷ :"lol ④ looking a)



BEST STRATEGE

• Small variance of “position” in the probe state.
• Probe state sensitive to the “momentum” operator.



EXAMPLE
SPIN MEASUREMENT

Hint = gÂ⌦ Ŝ
z

<latexit sha1_base64="IUEWIb53qQIy1v4oyY3P4kGMCKk="></latexit>
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STANDARD QUANTUM LIMIT
(SHOT-NOISE LIMIT)
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QUANTUM NON-DEMOLITION MEASUREMENT
PRINCIPLE AND APPLICATIONS



Ĥtotal = Ĥsystem + Ĥprobe(X̂ , P̂) + gÂ⌦ P̂
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X̂ the ”scale” to read out
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P̂ conjugate to X̂ , [X̂ , P̂] 6= 0
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RIGHT AFTER ONE MEASUREMENT
CAN ONE MEASURE THE SYSTEM AGAIN?
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RIGHT BEFORE ANOTHER SUBSEQUENT MEASUREMENT

DOES IT HELP?
ok ,
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QUANTUM NON-DEMOLITION MEASUREMENT
NECESSARY CONDITION
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PROJECTIVE MEASUREMENT

• Also known as “strong measurement” to be compared with the 
so-called “weak measurement”

• Sufficient information to distinguish orthogonal states
• Causes wave functions to “collapse”
• Lays base for the quantum mechanics

VON NEUMANN MEASUREMENT



WEAK MEASUREMENT

• Using the weak interaction of the system and the “probe”
• Insufficient to distinguish different (orthogonal) states
• Post selection is required
• Measured are “weak values,” whose physical interpretation is 

not always transparent.

WEAK VALUES



WEAK MEASUREMENT
INFORMATION VS DISTURBANCE

WEAK VALUES



BEYOND STANDARD QUANTUM LIMIT
ENTANGLEMENT ENHANCES MEASUREMENT PRECISION



HEISENBERG LIMIT

• Standard quantum limit (SQL, shot-noise limit)

• Heisenberg limit

THE ULTIMATE LIMIT ALLOWED IN QUANTUM MECHANICS
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