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Quantum Optics – Measurement of the Field
Slow varying EM Field can be detected by an antenna: 

à conversion of electric field in electronic displacement.

àamplification, recording, analysis of the signal.
àelectronic readly available.
Example: 3 K cosmic background (Penzias & Wilson).

Problems:
àEven this tiny field accounts for a strong photon 

density.
àEvery measurement needs to account for thermal 

background (e.g. Haroche et al.).



Quantum Optics – Measurement of the Field
Fast varying EM Field cannot be measured directly.
We often detect the mean value of the Poynting vector: 
Photoelectric effect converts photons into ejected electrons
We measure photo-electrons

àindividually with APDs or photomultipliers – a single electron is converted in a 
strong pulse – discrete variable domain, 
àin a strong flux with photodiodes, where the photocurrent is converted into a 
voltage – continuous variable domain.

Advantages: in this domain, photons are energetic enough:
àin a small flux, every photon counts.
àfor the eV region (visible and NIR), presence of background photons is 

negligible: measurements are nearly the same in L-He or at room temperature.



Quantum Optics – Measurement of the Field

And detectors are cheap!



Quantum Optics – Measurement of the Field

Discrete output:
- Photomultipliers

- Avalanche photodiodes
- Superconducting nanowire single photon detectors
- Number resolvingn photodetectors

Continuous output:

- PIN photodiodes
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Quantum Optics – Measurement of the Field

We can easily measure photon flux: field intensity 
(or more appropriate, optical power)

Author: Kirnehkrib (under C. Commons)

For a filtered input, it selects a mode 
of the field, and counts the photon 

number in that mode 
à discrete spectra
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Quantum Optics – Measurement of the Field
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Quantum Optics – Measurement of the Intense Field

We can easily measure photon flux: field intensity 
(or more appropriate, optical power)
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Quantum Optics – Measurement of the Intense Field

We can easily measure photon flux: field intensity 
(or more appropriate, optical power)



OK, we got the amplitude measurement, but that is only part of the history!
Amplitude is directly related to the measurement of the number of 

photon, (or the photon counting rate, if you wish). 
This leaves an unmeasured quadrature, that can be related to the 

phase of the field. 

But there is not such an evident “phase operator”!
Still, there is a way to convert phase into amplitude: interference 

and interferometers.

Quantum Optics – Measurement of the FieldQuantum Optics – Measurement of the Intense Field
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Building an Interferometer – The Beam Splitter
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Vacuum Homodyning
Calibration of the 
Standard Quantum Level

Building an Interferometer – The Beam Splitter



“Classical” Variance
Shot noise !

Vacuum Homodyning allows the calibration of the detection, producing a Poissonian 
distribution in the output (just like a coherent state).
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Field Quadratures – Quantum Optics

Thus,

Uncertainty relation implies in a 
probability distribution for a given 

pair of quadrature measurements

Field quadratures behave just as position and momentum operators!
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Measurement of the Field in the time domain
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Measurement of the Field in the frequency domain



Spectrum Analyser
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Measurement of the Field in the frequency domain



Amplitude

A classic field
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Measurement of the Field in the frequency domain
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Phase Rotation of Noise Ellipse
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