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LE./EECS 4214 Digital Communications
Lots-o-Formula Sheet

1 Constant and Units

c = 3× 108 m/s (in free space), c = 2× 108 m/s (in media)
1 Å = 10−10 m
1 µm = 10−6 m
1 m = 10−3 km
1 s = 103 ms
kbps = 103 bps
Mbps = 106 bps
KBps = 103 Bps (the simplifying relation we will use unless otherwise specified)
MBps = 106 Bps (the simplifying relation we will use unless otherwise specified)

2 Equations

2.1 Fourier Stuff

x(t) =

∫ ∞
−∞

X(f)ej2πftdf,X(f) =

∫ ∞
−∞

x(t)e−j2πftdt

F{rect(t/T )} = T sinc(fT ) = T sin(πfT )/πfT

F{sinc(t/T )} = T rect(fT )

F{1− |τ |/T} = T sinc2(fT )

x(t) =

∞∑
n=−∞

cne
j2πnfot, cn =

∫ ∞
−∞

x(t) exp(−j2πnfot)dt

2.2 Basic Signals and Systems Stuff

∫∞
−∞ x2(t)dt =

∫∞
−∞ |X(f)|2df

ψx(f) = |X(f)|2, Gx(f) =
∑
|cn|2δ(f − nfo), Gx(f) = limT→∞

1
T |XT (f)|2

Rx(τ) =
∫∞
−∞ x(t)x(t+ τ)dt, Rx(τ) = limT→∞

1
T

∫∞
−∞ x(t)x(t+ τ)dt

sinc(1.4/π) ≈ 0.707,
∫∞
−∞ sinc(x)dx = 1

y(t) = x(t) ∗ h(t) =
∫∞
−∞ x(t− τ)h(τ)dτ

HRC(f) =
1

1 + j2πfRC
, f3dB = 1/2πRC

z(mT ) =

n=N∑
n=−N

cnx(mT − nT )

2.3 Trig.

sin(a+ b) = sin a cos b+ cos a sin b, cos(a+ b) = cos a cos b− sin a sin b

sin(a± b) = sin a cos b± cos a sin b, cos(a± b) = cos a cos b∓ sin a sin b

sin 2a = 2 sin a cos a, cos 2a = cos2 a− sin2 a = 2 cos2 a− 1, cos2 a = 0.5 + 0.5 cos(2a)

cos a = (eja + e−ja)/2, sin a = (eja − e−ja)/j2, tan a = sin a/ cos a

cos(ωt) · cos(ωt+ φ) = 0.5[cosφ+ cos(2ωt+ φ)]
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2.4 Analog-to-Digital

SNR [dB] = 10 log(SNR)

SNRq = σ2
x/(q

2/12), SNRq,dB = 6.02b+ 10.8 + 10 log(σ2
x/V

2
pp), SNRj = 3/(σ2

t + f2H)

2.5 Probability

pX(x) = dFX(x)/dx

pn(x) =
exp{[−(x− µ)2]/2σ2}√

2πσ2
, Fn(X > a) = Q((a− µ)/σ)

E[Xn] =
∫∞
−∞ xnp(x)dx, σ2

x = E[(X −mx)2] = E[X2]−m2
x

Gx(f) =
∫∞
−∞Rx(τ) exp[−j2πfτ ]dτ, σ2

x = Rx(0)−m2
x

−(z − a1)2/2σ2
o + lnP (s1)

H1

≷
H2

−(z − a2)2/2σ2
o + lnP (s2)

z
H1

≷
H2

(a1 + a2)/2 + [σ2
o/(a1 − a2)] · ln[P (s2)/P (s1)]

PB = P (H2|s1)P (s1) + P (H1|s2)P (s2), PB = Q(
a1 − a2

2σo
), PB = Q

(
A

σo

)
PB = Q

(√
Ed
2N0

)
, PE ≈ (log2M)PB

PB = 0.5e−Eb/2No , PB ≈
M/2

M − 1
Q

(√
2Eb
No

)

PB = Q

{√
ET

[∫ ∞
−∞

G0.5
n |Pr|
|Hc|

df

]−1}
, ET =

∫ ∞
−∞
|Ht|2df

2.6 And All the Rest

SNRT =
2

N0

∫ ∞
−∞
|Sf |2df, SNRT =

(a1 − a2)2

σ2
0

k=∞∑
k=−∞

Pr

(
f +

k

T

)
= T, PRC = T for0 ≤ |f | < (1− r)/2T

PRC =
T

2

{
1 + cos

[
πT

r

(
|f |+ 1− r

2T

)]}
for (1− r)/2T < |f | ≤ (1 + r)/2T

PRC = 0 for (1 + r)/2T < |f |, pRC(t) = sinc(t/T )
cos(πrt/T )

1− (2rt/T )2

|Hr| =
k|Pr|0.5

G0.25
n |Hc|0.5

, |Ht| =
(A/k)|Pr|0.5G0.25

n

|Hc|0.5

1.21 ≈
∫ 1

0

[1 + cos(πx)][1 + (2x)2]0.5dx

c = (XTX)−1XT z, c =

(
I

SNR
+XTX−1

)
XT z

Bk(i, j) = |zk − s(i,j)|2

si(t) =

N∑
j=1

aijψj(t), aij =

∫ Tf

Ti

siψjdt,

∫ Tf

Ti

ψiψjdt = δij

Q(x) ≈ 1

x
√

2π
exp(−x2/2) for x > 3,

∫ ∞
0

sin2 px

x2
dx =

πp

2
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Q-Function Table 
 

 


