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Why are measurements important?

1. Non-unitary state transformation

Zeno stabilisation

Quantum error correction
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,Didn‘t Charlie Bennett solve this problem already?”

Notes on Landauer’s Principle, Reversible Computation, and Maxwell’s Demon

v' measurements can be implemented reversibly

only true for classical systems

o | Y [ I Important:

4 ®Y szilard engine DO not forget any system that is
(®) . .

- i— I' involved in the process
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Recent work by Kammerlander/Anders (2015):

Quantum measurement and its role in thermodynamics

= AW,ost < 0 possible

v’ clear axiomatic framework
only projective measurements
dephasing only required for particular pS

measurement outcome is not stored
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Goal:

v’ describe general measurements Inefficiency of
] € measurement

S S S
p- = {pkapk — ZAk,z‘P A;fm}
0
v with a microscopic model that incorporates a memory
S M SM M M
pPRpT =y HM =P, H;
{Qk}k projections

v’ describe the erasure process to allow for
repetitive use of memory

v Quantify work cost in terms of pS, HS, {A;”}
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Measurement model for: p° — {pk,pf = ZAk,ipSAL@'}

p° ®p
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I
Measurement model for: p° — {pk,pf = ZAk,iPSAzi}

ISM _ 1 U S MUT]I z
p ;( ®Q%k)T(P ®PT) (1® Q)

specifies a measurement device
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Measurement model for: p° — {pk,pf = ZAk,iPSAzi}

P =Y (10 QUL B U e 01
k S

specifies a measurement device
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Measurement model for: p° — {p, p; = ZA ALY

oM 211@% U(p® @ M)UT(Il@Qk) Vp®
|

specifies a measurement device

For all measurements such a device exists!

Outcome is now stored in pﬁ/".

Work cost:
AW = tr[HM (p™ — pM)]

Note: {Qk} = Z Qr ® U;;B
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I
Measurement model for: p° — {p, p; = ZAk,z'pSA}; N

ISM _ 1 U S MUTII z VS
p ij( ®c%k)T(p ®pT) (1©Qy) Vp

specifies a measurement device

For all measurements such a device exists!

Outcome is now stored in pﬁ/".

. M
AN
Work cost:

AW = tr[HS (p'S — p%)] +lr[HM (o™ — pM)

Note: {Qk} = Z Qr ® U;;B
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Erasure model:

pM = trp [Vp’M X TBVT] Landauer erasure

Work cost:
AWerae = tr[HY (" = p™)] + te[HP (p" — 77)]

eras

Total work cost: AW, = AWM+ AWMB

meas eras

“work cost for operating the measurement device”
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Minimal Energy Cost of Thermodynamic Information Processing: Measurement and
f=N o o
Information Erasure

! Department of Phy

Same microscopic model:

PPN =N (1@ QKU @ p"UT(1® Q) Vp°
k
Additional assumption by Sagawa/Ueda:

oM =3 ApSAl @ pM S

no entanglement

only efficient measurements
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Our main result:
Work cost of operating a measurement device

STAN S(PS) — Zk ka(pE)
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Our main result:
Work cost of operating a measurement device

STAN S(PS) — Zk ka(pf)
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Properties of our bound:
+  for efficient measurements: S (p°) — Do ka(pg) = Igc 20

Correct generalisation of previous bound!
I

e for arbitrary measurements: pg = Z Ak,iPSAL,z

(

= BAWeost > S(p Z pS(pP) > —log I

\ can construct equallty! /'

Inefficient measurements can yield work!
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Precise knowledge over the gap terms:
S S
BAWeose = |S(6%) = Y puS(pf)| +Z(S : M) + ASiora
k
Even better bound for projective measurements:

P75 =" PSPy Vpd

Equality result for the
work cost of projective measurements:

BAWeost = H({px})

—> Projective measurements always cost work!
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Thank you for your attention!




