Wireless Communications
Lecture 2

[Trigonometry relationship]

sin(A + B) +sin(A — B)

sinAcosB =

2
SnAsnB — _cos(A+ B) ; cos(A — B)
A+ B A-B
cosAcos B = cos(4 + B) ;COS( )
sin(A+ B) = sinAcosB + cos Asin B
cos(A+ B) = cosAcosB —sinAsin B

sin(24) = 2sinAcosA
cos(24) = cos?’A—sin?A=1—2sin? A =2cos’ A — 1

[Fourier Transform)]

[Relating energy of s(t) to its baseband equivalent u(t)]
|S(f)| symmetric around zero?

Finding S(f)
) Flut)e>™ 'y =U(f - f)
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x(t) + z*(t)

Re(()) = "0
Flu(t)e? ety — U(f—1re) +2U*(f — 1)
[example]
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s(t) — () —=r(t) = h(t)*s(t) = R(f) = H(/)S(/)

S() = W0~ )+ U (—f ~ fo)]

H(f) = [H(f = fe) +H (=f — f)]
f) = H()S()

= W~ fH(S — 1)+ UM (~f — L)H; (~f ~ f2)]
r(t) = Re{z()e™'},  2(t) = FTH{U(N)H())}

z(t) = u(t) *h(t) = rt) = 2(t)

u(t)— B0 —r)
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[Two ray model, proof of large d|

r(t) = Re {u <t - l) ejQﬂfc(t—l/C)} VGG, +Re {u <t ety wl) eﬂﬂfc(t*@) } VGG R

c 47l c dr(x + ')

where R is the ground reflection coefficient.
Assuming wide enough time-duration for w(t), such that u (t — %) and u <t — #) ~

u(t) and taking the time that the direct path arrived at origin:

: MWGGr omfo (41—t AGG
— ]27Tf6(t) tr j2m fe <t+c c ) 4
r(t) = Re {u(t)e } il + Re {u(t)e } pr g R

The received power is
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P = <A> G,G,

@4_ u(t> e—JAPR
4 l
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Transmitted power P, = P, /2

A 2
P, - <> GiGo P,
4

1 e AR 2
1 + T+

If d denotes the horizontal separation of the antennas, h; the transmitter height, and h, the
receiver height

/
Ab = _Qﬂfc<l_<ﬂ«"+x>>
c c
/
_ g (L (@t R
A A fe
(x4+2)—1 = V(he+h)2+d%—/(hi—h)2+d2
dmhihy : : .
d > hi+h = A¢p ~ W;\L;h using Taylor series approximation
2
x
Vi+az?2 ~ 14—
+x + 5
inf — 7
R = X272 for large d,  ~0, R~ —1,x + 2’ ~ 1 ~d, A¢ is small

sinf + 2’
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The the received power is

2 2 ) 2
P = <A> GiG, P, ;' 11— e737)

47
A 2
_ (m) GGy P, | AG
hih, 12
= GG, [212} P,

Two-ray model received signal power, G, =1
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f =900 MHz, R = —1, hy = 50m, h, =2 m, G; = Land G, = 1



