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Quantum Effects (Continued)
• See last unit’s reading, Nanotechnology Demystified, pp. 182-190

Quantum Computers

Introduction: basic component of (today’s) computers:

• A bit (binary digit)

• Can be 0 or 1

• Computers use switches (transistors) to store bits

• All numbers can be represented using sequences of bits
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• All numbers can be represented using sequences of bits

• e.g. 3 bits can represent any integer between 0 and 7 
(i.e. 8 integers)

Decimal Binary

0 000

1 001

2 010

3 011

4 100

5 101

6 110

7 111
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• All numbers can be represented using sequences of bits

• 3 bits → any integer between 0 and 7 (i.e. 8 integers)

• 4 bits → any integer between 0 and 15 (i.e. 16 integers)

• In general n bits can represent one of 2n integers

• 1 bit → any integer between 0 and 1 (i.e. 2 integers)

• 2 bits → any integer between 0 and 3 (i.e. 4 integers)

A byte is 8 bits

• (A gigabyte (GB) is (roughly) a billion bytes) 
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Quantum Computers

Qubit (Quantum Bit):

• Quantum system with two states, labelled |0⟩ and |1⟩

• e.g. a spin ½ electron

• Remember: quantum particles can exist in superpositions (two 
states at the same time)

|0⟩ + |1⟩
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Two qubits:

Put them both in a superposition:

• Two qubits can represent four numbers simultaneously.

• Any operation (e.g. addition, multiplication) affects all four 
numbers simultaneously (like doing four operations instead of 
one)
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• With n qubits, can represent 2n integers simultaneously.

Problem: To get the output of a calculation, need to make a 
measurement.

→ Collapse of the wavefunction

• Will yield one state in the superposition, randomly (not likely to 
be the one you want).
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Problem: To get the output of a calculation, need to make a 
measurement → collapse of the wavefunction

Solution: Use quantum interference

Interference:
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Problem: To get the output of a calculation, need to make a 
measurement → collapse of the wavefunction

Solution: Quantum computer programs use quantum interference
between different computational paths to reinforce the wanted 
results and decrease the probability of measuring unwanted ones.
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Problem: To get the output of a calculation, need to make a 
measurement → collapse of the wavefunction
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Problem: To get the output of a calculation, need to make a 
measurement → collapse of the wavefunction

Solution: Quantum computer programs use quantum interference
between different computational paths to reinforce the wanted 
results and decrease the probability of measuring unwanted ones.

Called Quantum Parallel Computing
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Another problem: QC’s require highly entangled superpositions, 
which are difficult to practically maintain.

• Practically, there will be loss of entanglement - decoherence

Solution: Quantum Error Correction
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IBM Research’s Quantum Computer:

Image Credit: IBM Research
flickr.com
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