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Introduction
Thermodynamics describes the statistical treatment of the energies of 
large ensembles of particles, with entropy providing a measure of the 
information which is known about the ensemble as a whole. Entropy
can be used as a tool to directly compare measurement regimes in 
terms of the information which can be retrieved about a quantum 
system.

This project sought to develop an understanding and model of the 
entropy associated with quantum protective measurements, specifically 
for the discretised physical realisation of these measurements in [1].

Background and Justification
Exploring the entropy associated with protective measurements would 
allow their suitability for use in quantum tomography, quantum memory 
and single state measurement [2, 3] from an information theoretic 
perspective to be assessed.
In the strong projective measurement scheme, figure 1, measurement 
of the quantum system will completely collapse the initial wavefunction 
of the system onto the final eigenstate, with the measured quantity 
proportional to the eigenvalue of the final state the wavefunction 
collapses into. Such a measurement is irreversible as a complete 
description of the state cannot be obtained from further sequential 
strong measurements of the disturbed system.
Weak measurements, figure 2, allow for the statistical average of a 
system to be directly experimentally accessed and do not necessarily 
strongly collapse the wavefunction. The information retrieved from a 
single weak measurement is proportional to the disturbance caused to 
the system, so several measurements over a large identically prepared 
ensemble are required for a complete description of the initial state. 
Protective measurements, figure 3, are like weak measurements in that 
they directly access the statistical average but are performed in such a 
way that there is no collapse of the wavefunction of the particle 
whatsoever, unlike weak measurements where the information gained 
about the initial state comes at the cost of partial collapse. Figure 1: Graphical representation of the strong measurement process, where the initial state is 

completely projected into a greatly disturbed final state. In this case the measurement reading 

will be proportional to the eigenvalue of the final state which is projected into. 



Figure 2: Graphical representation of the weak measurement process, showing the final state 

slightly disturbed. In this case the measurement gives a reading proportional to the 

expectation value of the operator used to measure the state.

Figure 3: Graphical representation of the protective measurement process, showing the special 

initial energy eigenstate and the completely undisturbed final state. In this case, any potential 

disturbance caused by the measurement fails to alter the state due to a large energy gap 

between the initial state and any other states which the system could be excited into. 

Methods and Results
In the setup detailed in [1], a discretised version of protective measurements 

was realised experimentally. The action of a single subunit, detailed in figure 4, 

involves passing the initial state through a set of short birefringent crystals, 

which acts as a weak measurement, slightly displacing the component 

polarisations of the initial state in space. This is then immediately followed by a 

“protective” polariser, which strongly projects the weakly measured state back

onto the initial state. The overall result of a single subunit is a small shift in 

position. When the state is passed through n subunits, this shift in position 

approaches the statistical average, hence approximating the action of a 

protective measurement as each subunit preserves its input state.

As entropy is extensive [6], the first method attempted was to model the overall 

setup as this series of subunits which can be treated independently and then 

added together to give a final expression for the information gain of the whole 

setup. Care must be taken in this instance to fully consider the additive 

properties of entropy, as mutual information representing entanglement 

between states must be properly accounted for. 

The second model considered was to think of protective measurements as a 

subset of weak measurements where the input state is preserved in a “perfect” 

weak measurement, such that it remains in the same energy eigenstate post-

measurement. In this case as protective and weak measurements can be 

modelled using the same system-pointer interaction picture, just over much 

shorter timescales in the case of weak measurements [7], it is postulated that 

the entropic generation, justified by the work in [5], of protective 

measurements could be said to generate identical entropy to other general 

quantum measurements, and hence, retrieve similar information gain for 

equivalent measurement interactions. The advantage to using protective 

measurements would be the ability to extract this information from a single 

particle rather than from an ensemble as required by other measurement types.



Figure 4: Diagram of a subunit from experimental setup in [1], detailing how the 

action of crystals and polarisers can be thought of weak and strong measurements 

respectively.  Diagram shows the mechanism for which, after n subunits, the 

sequential action of the weak measurement followed by a re-initialising strong 

measurement on the state approaches a true protective measurement. 

Conclusions
This analysis suggests that protective measurements do not offer a 
direct information gain advantage over strong or weak quantum 
measurement regimes. 

Rather, protective measurements offer unique advantages in how 
information can be retrieved from a single system as opposed to an 
ensemble and without significant decoherence or state disturbance. 

The first model, although only applicable to the measurement situation 
in [1], could be expanded upon to explore a discretised description for 
generalized protective measurements which could be of direct utility to 
emergent technologies in quantum memory and quantum error 
correction.  

Expanding upon the second model could generate testable predictions, 
which could be assessed if general protective measurements are either 
simulated or performed experimentally. 
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