
Project 14: Quantum Measurements and Relativity

Overview

This project focuses on one of the most subtle and fascinating tensions in modern physics:
how can instantaneous quantum measurements coexist with the principles of special rel-
ativity, which forbid faster-than-light influences? Based on Chapter 14 of Quantum
Paradoxes: Quantum Theory for the Perplexed by Yakir Aharonov and Daniel
Rohrlich (Wiley-VCH, 2005), you’ll explore the relationship between wavefunction col-
lapse and relativistic causality. This is not an easy chapter — and you are not expected
to master every argument. Instead, try to identify the core tension, and use this project
to develop your own insights into where quantum theory and relativity might clash — or
surprisingly fit together.

Guiding Themes

• Why is wavefunction collapse problematic from a relativistic point of view?

• What is the difference between local and nonlocal observables?

• Are all nonlocal operators measurable — and if not, why?

• Can quantum measurements be formulated in a way that respects Lorentz invari-
ance?

• What are the deeper implications for our understanding of simultaneity and infor-
mation?

What to Explore

Start by reflecting on the basic paradox: quantum theory predicts entanglement-based
correlations that appear to be established instantaneously, even across spacelike separa-
tions. But relativity denies the existence of absolute simultaneity. The chapter investi-
gates whether this conflict is genuine or only apparent by asking which observables can
be measured in a way that respects relativistic constraints.

You’ll encounter new conceptual tools in this chapter — such as the classification of
nonlocal operators into measurable and unmeasurable — and be introduced to thought
experiments that challenge our assumptions. Focus on what surprises you, what seems
unresolved, and where you think the deeper conceptual issues lie.

Suggested Presentation Goals

• Introduce the measurement problem in the context of special relativity.

• Describe how relativistic causality constrains the measurability of certain quantum
operators.

• Use examples from the chapter to illustrate nonlocal observables and their chal-
lenges.
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• Raise questions about whether quantum collapse needs to be reformulated in a
relativistic theory.

• Propose your own way of thinking about the apparent conflict — or possible reso-
lutions.

Outcome

By working through this project, you’ll begin to appreciate why reconciling quantum
mechanics with relativity remains one of the deepest problems in physics. You’ll gain a
better understanding of what it means for an operator to be measurable, and how space,
time, and information interact in quantum theory. Most importantly, you’ll bring your
own reasoning and curiosity into a discussion that cuts to the foundations of how nature
works.
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