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What is Quantum Computing?

● Ordinary computers rely on classical physics
in an essential way to perform computations

● Quantum computers rely on quantum physics
in an essential way to perform computations

The effort to design and build computers that
perform computations by exploiting the weird

properties of quantum physics
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What is Quantum Computing?

● A conventional bit:  either definitely 0 or definitely 1
(e.g., voltage on a wire)

● A quantum bit (qubit):

(e.g., spin of an electron, polarization of a photon)

● To completely describe the state of a conventional bit,
we need a single binary number (e.g., 0 or 1)

● To completely describe the state of a qubit, we need
two complex numbers (e.g., 0.5+0.5i and 0.5-0.5i )
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    of states”
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What is Quantum Computing?

● When we observe or measure a qubit, it probabilistically
“collapses” to either 0 or 1

● The two complex numbers determine the probabilities

● These numbers cannot be directly observed

● After measurement, the qubit behaves like (the same)
ordinary conventional bit from then on, no matter how
many times we re-measure it
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What is Quantum Computing?

● State of a conventional 8-bit memory register:

● State of an 8-qubit quantum memory register:
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256 complex numbers 
representing all 256 
possible 8-bit patterns
at once!

8 binary numbers 
representing the single
8-bit pattern
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What is Quantum Computing?
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● These numbers cannot be directly observed

00000000 00000001
00000010

00000011
1111111111111110

10011101
. . .

11110001

  

What is Quantum Computing?

● When we measure the register, it probabilistically 
“collapses” to one of the 256 possible bit patterns

● The 256 complex numbers determine the probabilities

● These numbers cannot be directly observed

00000000 00000001
00000010

00000011
1111111111111110

10011101
. . .

11110001



  

What is Quantum Computing?

● We can manipulate the register with quantum gates,
while being careful to avoid observing or measuring it

● Quantum gates change the balance of probabilities
by “remixing” the complex numbers in precise ways
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What is Quantum Computing?

● After applying a sequence of quantum gates, we then
measure the register, which yields a final answer

● With the right sequence of operations, we can ensure
that the answer is correct with very high probability
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What is Quantum Computing?

● Conventional computers transform bit-patterns
one bit-pattern at a time

● Quantum computers in effect transform exponentially
many bit-patterns at a time
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What is Quantum Computing?

● With 1 qubit, a quantum computer can operate on
2 bit-patterns (21) at a time in superposition 

● With 2 qubits, a quantum computer can operate on
4 bit-patterns (22) at a time in superposition

0 1 0 1
0 1

00
11
01

10

00
11

01

10

00

11

01

10

  

What is Quantum Computing?

● With 1 qubit, a quantum computer can operate on
2 bit-patterns (21) at a time in superposition 

● With 2 qubits, a quantum computer can operate on
4 bit-patterns (22) at a time in superposition

0 1 0 1
0 1

00
11
01

10

00
11

01

10

00

11

01

10



  

What is Quantum Computing?

● With 8 qubits, 256 (28) bit-patterns at a time

● With 30 qubits, a billion (230) bit-patterns at a time

● With 100 qubits, over a million trillion trillion (2100)
bit-patterns at a time
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What is Quantum Computing?

● … and so on

● In principle, problems requiring trillions of years on
the fastest modern supercomputers could be solved
in minutes or hours on a quantum computer with
a sufficient number of qubits
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Simulating Physics with
Computers, International Journal
of Theoretical Physics, Vol. 21,
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