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The trigonometric Fourier series is

a0
2

+

∞∑
n=1

(an cosnx+ bn sinnx)

with

an =
1

π

∫ π

−π
f(x) cosnxdx, bn =

1

π

∫ π

−π
f(x) sinnxdx

if f(x) is integrable in [−π, π].

The Fourier series in complex form is

∞∑
n=−∞

cne
−inx (1)

with

cn =
1

2π

∫ π

−π
f(x)einxdx (2)
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In QM, if we make a Fourier transform of the wave function

Φ(p) =
1

(2π~)3/2

∫
Ψ(r)e−i(p.r)/~dr

And then the inverse Fourier transform:

Ψ(r) =
1

(2π~)3/2

∫
Φ(p)e+i(p.r)/~dp

we see that Ψ(r) can be seen as a "sum" of plain waves (with
good momentum) each with the amplitude Φ(p)/

(
(2π~)3/2

)
.
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In signal processing Fourier transform relates the time and
frequency picture

F (ω) =

∫
f(t)e−iωtdt

Eases differenciation and intregration:

∂tf(t)← F → iωF (ω) (3)

∫ t

−∞
f(τ)dτ ← F → 1

iω
F (ω) + πF (0)δ(ω) (4)

The convolution of two function equals the product of their
Fourier images

h(t) ∗ x(t)← F → H(ω)X(ω)
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Fourier transform (refresher). DFT 7

Discrete Fourier transform (DFT)

F (ω) =

∫
f(t)e−iωtdt

Hn =

N−1∑
k=0

hke
2πikn/N , hk =

1

N

N−1∑
n=0

Hne
−2πikn/N

N−1∑
k=0

|hk|2 =
1

N

N−1∑
n=0

|Hn|2

Fast Fourier Transfor (Danielson и Lanczos (1942))

Fk =
N−1∑
j=0

W ijfj = ... = F ek +W kF ok

O(n log n)
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Quantum Fourier transform (QFT)

ωn = exp

(
2πi

2n

)
Our goal is to express it in a circuit using two-three gates.
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Let us have a mixed state

The components of its Fourier transform FΨ are expressed as
the components of the discrete Fourier transform of {Ψx}
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Let us have a pure state x and expore the action of F on it

with



Hj is the first gate we’ll need to construct a QFT circuit
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The second gate we’ll need to construct a QFT circuit is called
conditional phase shift



The second gate we’ll need to construct a QFT circuit is called
conditional phase shift



The QFT circuit is then:



QFT in Qiskit

https://qiskit.org/textbook/ch-algorithms/
quantum-fourier-transform.html

https://qiskit.org/textbook/ch-algorithms/quantum-fourier-transform.html
https://qiskit.org/textbook/ch-algorithms/quantum-fourier-transform.html


T H A N K Y O U F O R

Y O U R A T T E N T I O N!

Б Л А Г О Д А Р Я З А

В Н И М А Н И Е Т О !
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