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Change of Plans

Course will be Cut into Two Parts

Old Schedule

QOutline:

Oct 27: Introduction: The Planimeter and the * Spherimeter"
Oct 30: Indirect Measurement and System-Meter Interaction
Nov 03:
Nov 06:
Nov 10:
Nov 13:
Nov 17:

POVMs and Decoherence

Generalized Observables: Phase-Point and Spin-Direction
Transformation Groups and Enveloping Algebras

Frame Operators and Quasi-Probability Distributions

The Arthurs-Kelly (1965) and D’Ariano (2002) Measurements

Nov 20:
Nov 24:
Nov 27:

Dec 01:
Dec 04:
Dec 08:
Dec 11:

Optical Homodyne and Heterodyne

Continuous Measurement and the Kraus-Operator Density
Simultaneous Measurements of Non-Commuting Observables
Instrumental Groups and Universal Markov Processes
Universal Instrument Navigation

Non-Euclidean Geometry

Non-Euclidean POVMs

New Schedule

Oct 27: Introduction: The Planimeter and the ** Spherimeter”
Oct 30: Supplement

Nov 03: Indirect Measurement and System-Meter Interaction
Nov 06: Supplement

Nov 10: POVMs and Decoherence
Nov 13: Supplement

Nov 17: Generalized Observables: Phase-Point and Spin-Direction
Nov 20: Supplement

Nov 24: Transformation Groups and Enveloping Algebras
Nov 27: Supplement

Dec 01: Frame Operators and Quasi-Probability Distributions
Dec 04: Supplement

Dec 08: The Arthurs-Kelly (1965) and D’Ariano (2002) Measurements
Dec 11: Supplement

“Supplement”= Combo of answering questions, discussion, solutions
to the exercises, and perhaps continued lectures
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Quantum Measuring Instruments Course!
“Quantum Measurement and Continucus Markov Processes”

I- The Standard-Coherent POVM: | "
* Arthurs and Kelly (1965) For details and links, email
+ Heterodyne-Personicligr2)- . : P
« Barehiclh Hro82: cjackson3@perimeterinstitute.ca

* Indirect Heterodyne-(Wisemanetal199z,Goetsehetal1997)- Begins Monday!

* The Spin-Coherent POVMs! (October 27th)
* D’Ariano (2002) [Spin analog of Arthurs-Kelly doesn’t work universally....] |

* Jacksonet-al—(2018;2021;2023)-[ The simultaneous indirect measurement of the

three spin components does work universally!]

| * Instrumental Groups | a little bit. | 1Q, —iP| = ihl
» Kraus-OperatorPDensities-and-theirevelution
> - .Jaca _?’J’y] = —1J

()
| ¢ Transformation Group and Operator Algebra Goodies | [
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AL l ~2.
AT Part1: Quantum Measurement ™ ™2/ _

X\,Q L and the Phase Space Picture of Quantum Mechanics ‘“‘Z'Jz

Oct 27: Introduction: The Planimeter and the “Spherimeter”

Instruments as Universal Groups
Oct 30: Supplement P

Nov 03: Indirect Measurement and System-Meter Interaction | Kraus Operators
Nov 06: Supplement .
i Lindblad Operators
Nov 10: POVMs and Decoherence
Nov 13: Supplement Gaussian Instruments
Nov 17: Generalized Observables: Phase-Point and Spin-Direction
Nov 20: Supplement Coherent POVMs

Nov 24: Transformation Groups and Enveloping Algebras
Nov 27: Supplement

Dec 01: Frame Operators and Quasi-Probability Distributions Phase Space Correspondence
Dec 04: Supplement

Dec 08: The Arthurs-Kelly (1965) and D’Ariano (2002) Measurements| First connections between

Dec 11: Supplement coherent POVMs and
.. to be continued | actual measuring processes

Harmonic Tensors
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What you can do with a Coherent POVM

g = / d_‘ﬂ\f Za)VZal| Part 1: Phase Space Correspondence 1, = d; / du(R)|4, A, 7
S2 i
Standard Measured distribution (“Q-function”) is informationally complete. Spin
Cohietert Coherent
POVMs | Q'%(a)=Z trz (p\ﬁa)(\/?a) QW (h) = d; tr, (plj, i, 'f?»l) POVMs
o= / 42 Q0D () AG () p= [ (M@ @A™ ()
R 2
A(S)(a) = g“# Z\VZa)VZal| A(-S)(ﬁ) = g-_% d;|j, A)J, 7|
’ ? ( ) Self-dual frames are Wigner. ’ ’ ( : )
WP (@) = trz (XAD (a)) W (7) = tr; (X AL ()
Solving the inversion problem requires understanding the harmonic tensors.
2
G = / dTaZh/Ea)(\/Ecd ® ZIVZaXVZal Gj = f dp(n) d;|j, )7, 7l ® d;|5, AX7, Al
RQ
2 il il
- [= T2 ® (T2%)! = ZTJ Ty ® (T) |
Universal ) 1y Universal
DaTZ,uD;1 _ TZ,uei(ua*—u*a) TZ,u & Du DﬁTg D" L ZTﬁ (n)* , etc. T}jl e (J_,_)l etc
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What you can do with a Coherent POVM

Lgp = / d_‘ﬂ\f Za)VZa| Part 1: Phase Space Correspondence 1, = d; / du(R)|4, A,
S2 i
Standard Measured distribution (“Q-function”) is informationally complete. Spin
Colieterit Coherent
POVMs | Q'%(a) = Z trz (p\ﬁa)(\/?a) QW (A) = d; tr, (plj, &, ﬁl) POVMs
o= / 42 Q0D () AG () p= [, (W)@ @A™ ()
R 2
A(S)(a) = Q—% Z\VZa)VZal| A(-S)(ﬁ) = g-_% d;|j, A)d, 7|
’ ’ ( ) Self-dual frames are Wigner. ’ ’ ( : )
WP(a) = trz (XAD (@) W () = tr; (X AL ()
Solving the inversion problem requires understanding the harmonic tensors.
2
Gy = / dTaZh/Ea)(\/Ecd ® ZIVZaXVZal| G; = f dp(n) d;|j, )7, 7l ® d;|5, AX7, Al
RQ
2 il il
- [= T2 ® (T2%)! = ZTJ T ® (T) |
Universal ) 1y Universal
DaTZ,uD;1 _ TZ,uei(ua*—u*a) TZ,u B Du DﬁTg D" L ZTﬁ (n)* , etcC. T}jl o (J_,_)l etc
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= > /\Z;f@ .
APV Part1: Quantum Measurement %/ <

V’Q ’ and the Phase Space Picture of Quantum Mechanics \Z.Je

Oct 27: Introduction: The Planimeter and the “Spherimeter”

Instruments as Universal Groups
Oct 30: Supplement P

Nov 03: Indirect Measurement and System-Meter Interaction | Kraus Operators
Nov 06: Supplement ;
A Lindblad Operators
Nov 10: POVMs and Decoherence
Nov 13: Supplement Gaussian Instruments
Nov 17: Generalized Observables: Phase-Point and Spin-Direction
Nov 20: Supplement Coherent POVMs

Nov 24: Transformation Groups and Enveloping Algebras
Nov 27: Supplement

Dec 01: Frame Operators and Quasi-Probability Distributions Phase Space Correspondence
Dec 04: Supplement

Dec 08: The Arthurs-Kelly (1965) and D’Ariano (2002) Measurements| First connections between

Lige 118 suppiermgnt coherent POVMs and
.. to be continued | actual measuring processes

Harmonic Tensors
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Original Idea by Hermann 1818 The (POlar-) Planlmeter
Perfected by Amsler 1854

vith an AX? The Surprising Power of Planime - Visually Explained!

PIRSA: 25100166 for some history

Angle of wheel rotation

1 [ - B
@[’Y]:E/N'd"?
.

_ Prof. Burkard Polster @ Monash University
h = (arm length)(wheel radius) a.k.a. the “*Mathologer” (June 7th, 2025)

Pirsa: 25100008 Page 8/20



The Weyl-Heisenberg Group Within

Reeb Vector

The Canonical and Contact One-Forms

8 b Contact One-Form| ||C
o= N-dF — hdé

> 4

Canonical One-Form

N-di = pdq + dF

¥

Kinematic Constraint

a(X) =0 ¢

4

Angle of wheel rotation

N
¢[’Y]:E/N'd"?
.

h = (arm length)(wheel radius)
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Physical Displacements D

— 1
By = By + 3 0%

— 1
0q = 0q + E(p‘FFq)acb

W-H Commutators! D’

[ha_p, hc?_q] = hdy

[8¢,h8_p] . {agb,ha_q] —0
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