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Landauer’s Principle

Preparing 𝑛 classical bits comes with 

costing at least 𝑛 × 𝑘𝐵𝑇ln2 energy
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Landauer’s Principle

Recall that…
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Transmitting 𝑛 classical bits comes with
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𝒩

𝜌𝑚 E𝑚

M M

𝐶 1
𝜖 𝒩 ≔ 

max log2 𝑀 ȁ∃ 𝜌𝑚 , 𝐸𝑚  
1

𝑀
σm=0

M−1 tr 𝐸𝑚𝒩 𝜌𝑚 ≥ 1 − 𝜖  

One-shot classical capacity of 𝒩 with error 𝜖 is defined by… 

𝐶 𝒩 ≔ lim
𝜖→0

lim
𝑘→∞

𝐶 1
𝜖 𝒩⊗𝑘

𝑘
 

Classical capacity of 𝒩 reads

Technical 
Details

L. Wang and R. Renner, Phys. Rev. Lett. 108, 200501 (2012)
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Energy Transmission via 
Quantum Channels



𝑊 1
𝜖 𝒩 ≔ max 𝑊corr, 1

𝜖 Π 𝒩 𝐴 ⊗ 𝐼𝐵 𝜂𝐴𝐵 ȁ𝑀, 𝜂𝐴𝐵, Π 𝒩 𝐴  

One-shot genuinely transmitted energy of 𝒩 with error 𝜖 is defined by… 

𝑊 𝒩 ≔ lim
𝜖→0

lim
𝑘→∞

𝑊 1
𝜖 𝒩⊗𝑘

𝑘
 

Asymptotic form is given by

Technical 
Details

𝜂𝐴𝐵
(Energy incoherent)(M-dim)

Π 𝒩 𝐴

M-to-M classical 

channel induced by 𝒩

A
(M-dim)

B
Extract work 
from 
correlation

J. Åberg, Nat. Commun. 4, 1925 (2013)
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Formal Statement of Main Result



Technical 
Details

𝑊 1
𝜔 𝒩 − 𝑘𝐵𝑇 ln

4𝜖

𝜖 − 𝜔 2 1 − 𝜔
≤ 𝑘𝐵𝑇 ln 2 𝐶 1

𝜖 𝒩 ≤ 𝑊 1
𝜖+𝛿 𝒩

Consider a background temperature 0 < 𝑇 < ∞ and a channel 𝒩.

For error parameters 0 < 𝛿 ≤ 𝜔 < 𝜖 ≤ 1 − 1/ 2, we have that 

In the iid limit, we have

𝑊 𝒩 = 𝑘𝐵𝑇 ln 2 𝐶 𝒩

Main Theorem
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