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QUANTUM NETWORKS: KEY TERMS AND
ANALOGIES

Shakil Ahmed, Member, IEEE

Quantum Network

Definition: A system that connects quantum devices to
share quantum information, enabling tasks like secure
communication, distributed computing, and sensing us-
ing quantum properties.

Analogy: Imagine a group of safe deposit boxes in differ-
ent banks. Each box can only be opened with a special
key that is shared securely across these banks. The
network allows you to access your valuables (quantum
information) securely from any bank.

Quantum Internet

Definition: A future global network that uses quantum
technology to transmit data with unparalleled security
and efficiency.

Analogy: Like the current internet but with unbreakable
locks on every piece of data, ensuring no one can hack
or intercept your messages.

Superposition

Definition: A quantum property where a particle (like a
qubit) exists in multiple states (e.g., 0 and 1) simultane-
ously.

Analogy: Think of a spinning coin. While spinning, it’s
not just heads or tails—it’s in a mix of both states.
Similarly, a qubit can be 0, 1, or both simultaneously
until measured.
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Entanglement

Definition: A quantum phenomenon where two or more
particles become interconnected, such that the state of
one instantly influences the other, even if they are far
apart.

Analogy: Imagine you have two magic dice. If you roll
one and it lands on 3, the other one will instantly show
3 too, no matter how far apart they are.

Quantum State

Definition: A mathematical description of a quantum
system, including properties like superposition and en-
tanglement.
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Measuring a Pair of Entangled Photons
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Fig. 2: Source: Online

Analogy: A quantum state is like a recipe that tells you
how to prepare a dish. It contains all the instructions
(properties like superposition and entanglement) that
define the system.

The set of quantum states

Fig. 3: Source: Online

Qubit
Definition: The basic unit of quantum information,
analogous to a classical bit but capable of being in
superposition (both 0 and 1).
Analogy: A light switch that’s not just ON or OFF but
can be both ON and OFF simultaneously.
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Bell State

Definition: A specific type of entangled state involving
two qubits, representing maximum correlation between
their states.

Analogy: You have one glove and send the other to
a friend on the opposite side of the world. If you



look at your glove and see it’s a left-hand glove, you
instantly know your friend’s glove is a right-hand glove,
even though you didn’t communicate. Bell states operate
similarly, but their correlation goes beyond classical
logic, even allowing outcomes to be dependent on mea-
surement choices.

Bell Pair Symbol Mathematical Representation
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Definition: A secure cryptographic key generated using
quantum properties, ensuring absolute security.
Analogy: A secret handshake that the intended people
can only share and recognize.
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Quantum Gate

Definition: An operation that modifies the state of qubits,
similar to how classical logic gates manipulate bits in a
circuit.

Analogy: Like flipping a pancake in a pan to prepare it
for serving (manipulating a state).

Quantum Teleportation

Definition: A method for transferring quantum states
from one location to another without physically moving
the particle.

Analogy: Like faxing a document where the exact con-
tent appears on another machine without the original
leaving your possession.
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Quantum Encryption

Definition: A secure communication method where the
encryption relies on quantum principles, making eaves-
dropping detectable.

Analogy: Like sending a letter in a tamper-proof enve-
lope that self-destructs if someone tries to open it.
Quantum Key Distribution (QKD)

Definition: A protocol for sharing cryptographic keys
securely using quantum mechanics, making any inter-
ception detectable.

Analogy: Exchanging a secret handshake so you’ll in-
stantly know if someone else tries copying it.
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Quantum Repeater

Definition: A device that extends the range of quantum
communication by amplifying and relaying quantum
information without destroying its integrity.

Analogy: Like a relay station on a hiking trail, passing
along messages securely over longer distances.

(@ Entangled Photons @ Quantum Memory @ Photon Detectors |
%
X
BSW
i
Alice Bob
L] a

Fig. 10: Source: Online

Entanglement Swapping
Definition: A process that creates entanglement between
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two particles that have never interacted by using inter-
mediate entangled pairs.

Analogy: Suppose two pairs of magic dice are entangled
(synchronized). Swapping information between one die
from each pair allows you to create a new link between
the two remaining dice, even if they were never directly
connected.

Quantum Router

Definition: A device that directs quantum information to
the correct destination within a quantum network.
Analogy: Like a mail sorter in a post office, ensuring
letters (quantum information) reach the right mailbox
(destination).

Quantum Memory

Definition: A device that stores quantum states for later
use, essential for quantum communication and comput-
ing.

Analogy: Like a digital safe where you can store sensi-
tive information and retrieve it without losing its original
form.

Quantum Detector

Definition: A device that measures quantum states, such
as detecting single photons in quantum communication.
Analogy: Like a light sensor that detects even the faintest
light beam.

Fidelity

Definition: A measure of how accurately a quantum state
is transmitted or replicated.

Analogy: Like comparing the quality of a photocopy to
the original document—the closer they match, the higher
the fidelity.

Quantum Bit Error Rate (QBER)

Definition: The rate of errors in transmitted quantum
information, indicating how often qubits are misinter-
preted.

Analogy: Like counting how many typos appear in a
printed document compared to the original.

Channel Capacity

Definition: The maximum rate at which quantum in-
formation can be reliably transmitted over a network
channel.

Analogy: Like determining how many cars a bridge can
safely carry at once.

Photon Source

Definition: A device that generates photons, typically
used in quantum communication.

Analogy: Like a faucet that releases water droplets
(photons) one at a time.

Beam Splitter

Definition: A device that splits a beam of light into two
separate paths, used in quantum experiments.

Analogy: Like a mirror that splits a single flashlight
beam into two.

Optical Fiber

Definition: A medium for transmitting light-based quan-
tum information over long distances.

Analogy: Like a water pipe that channels water (light)
from one place to another.
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Decoherence

Definition: The loss of quantum coherence, where a
quantum system gradually behaves like a classical sys-
tem.

Analogy: Like an ice cube melting into water—it loses
its original structure over time.

Quantum Error Correction

Definition: Techniques used to detect and correct errors
in quantum systems to ensure reliable computation and
communication.

Analogy: Like using a spell checker to catch and fix
typos in a document.

No-Cloning Theorem

Definition: A principle stating that creating an exact copy
of an unknown quantum state is impossible.

Analogy: Like trying to duplicate a unique fingerprint
perfectly—you can’t do it without altering the original.
Quantum Switch

Definition: A device that controls the flow of quantum
information in a network.

Analogy: Like a traffic light managing cars at an inter-
section, directing them to the right path.

Quantum Network Coding

Definition: A method for optimizing quantum informa-
tion flow in a network by combining and simplifying
transmissions.

Analogy: Like optimizing delivery routes to make pack-
age delivery faster and more efficient.

Quantum Blockchain

Definition: A secure, decentralized system that uses
quantum principles for enhanced transaction security and
transparency.

Analogy: Like keeping a tamper-proof ledger written in
invisible ink that only authorized users can read.
displacement

The displacement operator is a key concept in quan-
tum optics. It shifts a quantum state in phase space,
changing its position and momentum (or equivalently, its
amplitude and phase in the case of light). It’s commonly
denoted as D(«), where « represents the amount of
displacement.

Analogy: Imagine you’re moving a piece on a chess-
board. The piece stays the same (its intrinsic proper-
ties remain unchanged), but its position on the board
is shifted. Similarly, the displacement operator moves
the quantum state in phase space without altering its
fundamental characteristics.

vacuum state

The vacuum state is the quantum state with the lowest
possible energy. In quantum optics, it represents a mode
of the electromagnetic field with no photons. However,
even in this "empty" state, it exhibits quantum fluctua-
tions due to zero-point energy.

Analogy: Think of a perfectly calm, still lake. Even
though the surface looks calm (no waves or ripples),
there are tiny, invisible ripples beneath the surface
caused by subtle movements of water molecules. Simi-
larly, the vacuum state seems empty, but it’s full of tiny,



fleeting quantum fluctuations.



