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Some Useful Formulae

Power Relationships in FM and PMModulations

ST =
ͩ
ͪA

ͪ
c

Pc =
ͩ
ͪA

ͪ
cJͪͨ (β)

Pͩ = Aͪ
cJͪͩ (β)

Pͪ = Aͪ
cJͪͪ (β)

β =
⎧⎪⎪⎨⎪⎪⎩

fΔ(Am/fm) FM
φΔAm PM

Transmission Bandwidth of FM

BT = ͪM (β)fm with ∣JM (β)∣
∣Jͨ (β)∣

≥ ͩ%

BT = ͪ(β + ͪ)fm
BT = ͪ(fΔ +W) = ͪ(D + ͩ)W where D = fΔ

W

Nyquist Sampling Rate

fs ≥ ͪW

PAM Transmission

BT ≥
ͩ
ͪτ ≫W

τ < ͨ.ͩTs = ͨ.ͩ/fs
r =Mfs ≥ ͪMW

Intermediate, Image, Local Oscillator, and Carrier Frequencies Relation-
ships

fIF = ∣fc − fLO∣
f′c = fLO ± fIF
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Table 2: Selected values of Jn (β)

 

Table 3: Comparison of Fourier representations.

Time
Domain

Periodic Non-periodic

D
isc
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te

Discrete-Time
Fourier Series

X̃[k] = ͩ
N

N−ͩ
∑
n=ͨ

x̃[n]e−jͪπkn/N

x̃[n] =
N−ͩ
∑
k=ͨ

X̃[k]ejͪπkn/N

Discrete-Time
Fourier Transform

X (ejω) =
∞
∑

n=−∞
x[n]e−jωn

x[n] = ͩ
ͪπ ∫

π

−π
X (ejω)ejωn dω Pe

rio
di

c

Co
nt

in
uo

us

Fourier Series

X[k] = ͩ
T ∫

T/ͪ

−T/ͪ
x̃ (t)e−jͪπkt/T dt

x̃ (t) =
∞
∑

k=−∞
X[k]ejͪπkt/T

Fourier Transform
X (jω) = ∫

∞

−∞
x (t)e−jωt dt

x (t) = ͩ
ͪπ ∫

∞

−∞
X (jω)ejωt dω

N
on

-p
er

io
di

c

Discrete Continuous Freq.
Domain
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Table 4: Properties of the discrete-time Fourier series.

Property Time domain Frequency domain
Linearity ax̃ͩ[n] + bx̃ͪ[n] aX̃ͩ[k] + bX̃ͪ[k]
Duality X̃[n] ͩ

N x̃[−k]
Time-shift x̃[n − nͨ] e−jͪπknͨ/NX̃[k]
Frequency-shift ejͪπkͨn/Nx̃[n] X̃[k − kͨ]
Convolution x̃ͩ[n]⊛ x̃ͪ[n] NX̃ͩ[k]X̃ͪ[k]
Modulation x̃ͩ[n]x̃ͪ[n] X̃ͩ[k]⊛ X̃ͪ[k]
Time-reversal x̃[−n] X̃[−k]
Conjugation x̃∗[n] X̃∗[−k]
Symmetry (real) Im{x̃[n]} = ͨ X̃[k] = X̃∗[−k]
Symmetry (imag) Re{x̃[n]} = ͨ X̃[k] = −X̃∗[−k]
Parseval

N−ͩ
∑
n=ͨ
∣x̃[n]∣ͪ = N

N−ͩ
∑
k=ͨ
∣X̃[k]∣ͪ

Table 5: Properties of the discrete-time Fourier transform.

Property Time domain Frequency domain
Linearity axͩ[n] + bxͪ[n] aXͩ(ejω) + bXͪ(ejω)
Differentiation
(frequency)

nx[n] jdX(e
jω)

dω
Time-shift x[n − nͨ] e−jωnͨX(ejω)
Frequency-shift ejωͨnx[n] X(ej(ω−ωͨ))
Convolution xͩ[n] ∗ xͪ[n] Xͩ(ejω)Xͪ(ejω)
Modulation xͩ[n]xͪ[n] ͩ

ͪπXͩ(ejω)⊛ Xͪ(ejω)
Time-reversal x[−n] X(e−jω)
Conjugation x∗[n] X∗(e−jω)
Symmetry (real) Im{x[n]} = ͨ X(ejω) = X∗(e−jω)
Symmetry (imag) Re{x[n]} = ͨ X(ejω) = −X∗(e−jω)
Parseval

∞
∑

n=−∞
∣x[n]∣ͪ = ͩ

ͪπ ∫
π

−π
∣X(ejω)∣ͪ dω
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Table 6: Properties of the Fourier series.

Property Time domain Frequency domain
Linearity ax̃ͩ (t) + bx̃ͪ (t) aXͩ[k] + bXͪ[k]
Differentiation
(time)

dx̃ (t)
dt

jͪπk
T X[k]

Time-shift x̃ (t − tͨ) e−jͪπktͨ/TX[k]
Frequency-shift ejͪπkͨt/Tx̃ (t) X[k − kͨ]
Convolution x̃ͩ (t)⊛ x̃ͪ (t) TXͩ[k]Xͪ[k]
Modulation x̃ͩ (t)x̃ͪ (t) Xͩ[k]⊛ Xͪ[k]
Time-reversal x̃ (−t) X[−k]
Conjugation x̃∗ (t) X∗[−k]
Symmetry (real) Im{x̃ (t)} = ͨ X[k] = X∗[−k]
Symmetry (imag) Re{x̃ (t)} = ͨ X[k] = −X∗[−k]
Parseval ͩ

T ∫
T/ͪ

−T/ͪ
∣x̃ (t)∣ͪ dt =

∞
∑

k=−∞
∣X[k]∣ͪ

Table 7: Properties of the Fourier transform.

Property Time domain Frequency domain
Linearity ax̃ͩ (t) + bx̃ͪ (t) aXͩ (jω) + bXͪ (jω)
Duality X (jt) ͪπx (−ω)
Differentiation dx (t)

dt jωX (jω)

Integration ∫
t

−∞
x (τ)dτ ͩ

jωX (jω) + πX (jͨ)δ (ω)
Time-shift x (t − tͨ) e−jωtͨX (jω)
Frequency-shift ejωͨtx (t) X (j(ω −ωͨ))
Convolution xͩ (t) ∗ xͪ (t) Xͩ (jω)Xͪ (jω)
Modulation xͩ (t)xͪ (t) ͩ

ͪπXͩ (jω) ∗ Xͪ (jω)
Time-reversal x (−t) X (−jω)
Conjugation x∗ (t) X∗ (−jω)
Symmetry (real) Im{x (t)} = ͨ X (jω) = X∗ (−jω)
Symmetry (imag) Re{x (t)} = ͨ X (jω) = −X∗ (−jω)
Scaling x (at) ͩ

∣a∣X(
jω
a )

Parseval ∫
∞

−∞
∣x (t)∣ͪ dt = ͩ

ͪπ ∫
∞

−∞
∣X (jω)∣ͪ dω
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