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Some Useful Formulae

Power Relationships in FM and PM Modulations

1
ST = EA%

Pe= A% (B)
P = AZ; (B)
P, = A7 (B)

5 fy(Am/fn) FM
| @pAn PM

Transmission Bandwidth of FM

] o D)
Br =2M (B)f, with To (B)] > 1%

Br = 2(B +2)f

f
Br=2(fy + W) =2(D+1)W where D:V—C

Nyquist Sampling Rate

PAM Transmission

BTZL»W
2T

T< 01T, = 0.1/f,
r = Mf, > 2MW

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

fIF = |fc - fLO|

f:: = fL() + f[p
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Time
Domain

Discrete

Continuous

Table 2: Selected values of ], (B)

n L) 1,02 705 J3d0 J20 JG6E0  J(00 n
0 1.00 0.99 0.94 0.77 0.22 —0.18 -0.25 0
1 0.05 0.10 0.24 044 0.58 —0.33 0.04 1
2 0.03 0.11 0.35 0.05 0.25 2
3 0.02 0.13 0.36 0.06 3
4 0.03 0.39 -0.22 4
5 0.26 -0.23 5
6 0.13 -0.01 6
7 0.05 0.22 7
8 0.02 0.32 8
9 0.29 9

10 0.21 10

11 0.12 11

12 0.06 12

13 0.03 13

14 0.01 14

Table 3: Comparison of Fourier representations.

Periodic

Discrete-Time
Fourier Series

1 N-1

X[k] _ = Z i[n]e—jZHkn/N
N n=0
-1

[n] _ NZ: )Z[k]ejZ‘nkn/N
k=0

Fourier Series

1 T/2 .
X k :_f S t fJZHkt/Tdt
GEEY EICE

x(t)= > X[k]e™/T
k=—00

Discrete
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Non-periodic

Discrete- Time
Fourier Transform

o0

X(e@)= > x[nle?"

n=-—o0

1 T o
x[n] = 7 [ﬁ X ()" dw

Fourier Transform

X(jco):[oox(t)e’j“’tdt
x (t) ! /OOX(ju))ej‘”tdu)

T 2nJw

Continuous

Periodic

Non-periodic

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

Property Time domain Frequency domain
Linearity af(l[n] + biz[n] a)~(1[k] + biz [k]
Duality X[n] 1x[-k]
Time-shift X[n - no| e-izmkno/NX [ [;]
Frequency-shift elzmkon/Nx[ ] X[k - ko]
Convolution Xi[n]®xz[n] NX;[k]X2[ %]
Modulation xi[n]%[n] Xi[k] ® Xa[k]
Time-reversal X[-n] X[-k]
Conjugation x*[n] X*[<k]
Symmetry (real) Jm{x[n]} =0 X[k] = X*[-k]
Symmetry (imag) Re{x[n]} =0 X[k] = -X*[-k]

N-1 N-1
Parseval (0] =N Y K[K][

n=0 k=0

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

Property Time domain Frequency domain
Linearity axi[n] + bxy[n] aX;(e®) + bX,(el?)

. - .dX(e)
Differentiation nx[n] j——=

dw

(frequency)
Time-shift x[n —ng] eTjwnoX(elw)
Frequency-shift eloonx[n ] X(ei(w-wo))
Convolution x1[n] * Xz[n] X1 (&)X, (el®)
Modulation xi[n]xz[n] =X1(e?) ® Xp(el)
Time-reversal X[-n] X(e @)
Conjugation x*[n] X*(e7®)
Symmetry (real) Jm{x[n]} =0 X(el®) = X*(e7®)
Symmetry (imag) Re{x[n]} =0 X(el®) = -X*(e7®)
Parseval > x[n]f = % [ ‘X(ej“’)|2 dw
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Table 6: Properties of the Fourier series.

Property Time domain Frequency domain
Linearity ax; (t) + bx; (t) aXi[k] + bX,[k]
Differentiation dx(0) @X[l{?]
. dt T
(time)
Time-shift X (t-to) e J2mkto/TX[ k]
Frequency-shift el2mkot/Tx (t) X[k - ko]
Convolution X1 (t) @ X, () TXi[k]Xz[ k]
Modulation X1 (B)x2 (t) Xi[k] ® Xa[ k]
Time-reversal X (-t) X[-k]
Conjugation x* (t) X*[-k]
Symmetry (real) Jm{x(t)} =0 X[k] =X*[-k]
Symmetry (imag) Re{x(t)} =0 X[k] = -X"[-k]
T/2 o0
Parseval 1 [y RO at- DL
Table 7: Properties of the Fourier transform.
Property Time domain Frequency domain
Linearity ax; (t) + bx; (t) aX; (jw) + bX; (jw)
Duality X (jt) 2mx (—w)
. . dx (t) . .
Differentiation T jwX (jw)
t
Integration x(t)dt HX (jw) + X (j0)8 (w)
Time-shift x(t-to) e X (jw)
Frequency-shift elwoty (t) X(j(w-wyp))
Convolution X1 (t) * %, (t) X (jw)Xz (jw)
Modulation x; (£)x; (t) X1 (jw) * X (jo)
Time-reversal X (-t) X(-jw)
Conjugation x* (t) X" (-jw)
Symmetry (real) Jm{x(t)} =0 X(jw) =X"(-jw)
Symmetry (imag) Re{x(t)} =0 X(jw) = X" (-jw)
Scaling X (at) éx (];oo)
) 1 [=)
Parseval [ Ix (t)]* dt = o f X (jo)’ dw
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