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Introduction Results
Quantum computers exponentially speed up calculations using the properties unique do 3
to qubits (quantum bits), superposition, and entanglement. These properties are used o _ o e
to create gates which are then chained together to form algorithms. One such s 3 o - T
algorithm 1s the fourier transform which 1s a mathematical technique that 4 - - —
decomposes functions, or vectors, into spatial or temporal frequency using sine and g — H
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cosine basis vectors.

Fig. 2: QFT Circuit Diagram
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Eqn. 1: The general equation of Fourier Transform.
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Fourier transform has many practical applications 1n classical computing such as _ P (-2 e
signal processing, differential equations, and 1mage processing. Quantum fourier Fig. 1: Block sphere demonstrating the H-Gate. The % ]
transform (QFT) applies the same concept to quantum state vectors. qubit has 50% chance of |0> state and 50% of |1> state. meas =
Fig. 3: QFT Inverse Circuit Diagram
First, we present the general equation of QFT: 0.16 0.8- |
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In QFT, we apply three quantum gates. The primary gate for the QFT 1s the
Hadamard gate (H gate). The H gate 1s what puts a qubit into a superposition of
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Fig. 6: Applying inverse QFT to the integer 5

. Fig. 4: Quantum computer results after Fig. 5: Quantum computer results after using the AER simulator.
states. Next, the controlled phase rotations (CP) gates rotate the phase of a target applying QFT to the integer 5. applying inverse QFT to the integer 5.
qubit depending on if each control qubit is 1n the state |I1> or not. For a target qubait . .
q, you perform n rotations for n control qubits in state [1>. There are n rotations for Discussion & Results

each q qubit starting at a rotation of 7/2" and dgcreasing n un.til n=0. Fi.nally W€ In Fig. 2. we present the QFT circuit. Starting with the last qubit, we apply the H gate and a CP gate for each of the
use the swap gate to .preserve the CO.I'TGCt ordering of the. qubits. See Fig. 1. for preceding qubits. This process 1s repeated for the remaining three qubits. The final step in the circuit 1s to apply the swap
bloch spheres 1llustrating how the qubit changes after applying the H gate. gate, represented by the blue vertical lines. In Fig.3., we present the inverse QFT circuit. The inverse QFT algorithm starts

by creating a circuit and applies QFT to it. Then we use the mnverse method from Qiskit to invert this circuit. Lastly, we add
Acknowledgements this circuit back to the original and decompose it. The inverse circuit validates our QFT circuit. In Fig. 4, we present the
results of quantum fourier transform on the integer 5 using the IBM quantum computer (Oslo, Sweden backend). In Fig. §.,
we see the inverse QFT applied onto the integer 5 1n fourier basis. We observe the largest probability 1s binary 101 (5 1n
decimal). In Fig. 6, we see the inverse QFT in the AER simulator shows a 100% probability of 5. In the future, QFT can be
implemented to massively increase efficiency in the way of running several tasks simultaneously.
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