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g(t+T)=9(t)

g(t) = %ao + i (a, cos(2znft) +b_sin(2znft)), T = %
n=1

jt_ o 1 Ofork #n

Oﬂlﬂ(zﬂl{fr) sSin2maft) dt = 750k —

21 2 1
a, = —Jg(r) sin(27mn ft) dr D, = —J.g(r) cos(2mnft) dr
r 0 r 0
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dy = %[CDS{’EHI&H — cos(3mn/4) + cos(6mn/4) — cos(Tnn/4)]
n

b

b, =
T mn

[sin(3tn/4) — sin(mtn/4) + sin(7nn/4) — sin(6mn/4)]

c=3/4
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Bps T (msec) | First harmonic (Hz) # Harmonics sent
300 26.67 37.5 80
600 13.33 75 40
1200 6.67 150 20
2400 3.33 300 10
4800 1.67 600 5
9600 0.83 1200 2
19200 0.42 2400 1
38400 0.21 4800 0
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Attenuation (dB/km)
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ltem LED Semiconductor laser
Data rate Low High
Fiber type Multimode | Multimode or single mode
Distance Short Long
Lifetime Long life Short life
Temperature sensitivity Minor Substantial
Cost Low cost Expensive
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I1SM band

902 928
MHz MHz
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ITU-R®
(FCC) Federal Communications Commission®
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|SM band ISM band °
Ig3.5) 100 255 100" /\’Y\ \ <°" ¢
iz MHz Mz MH2
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Altitude (km) Ty_pe Latency (ms) Sats needed
35,000 — m@ﬁm GEO 270 3
30,000 -
25,000 —
20,000 —
Upper Van Allen belt
15,000 —
10,000 —}DD&B MEO 35-85 10
50007 Lower Van Allen belt
0 - f% LEO 1-7 50
Band Downlink | Uplink | Bandwidth Problems
L 1.5GHz | 1.6 GHz 15 MHz | Low bandwidth; crowded
S 1.9GHz | 2.2 GHz 70 MHz | Low bandwidth; crowded
C 4.0GHz | 6.0 GHz 500 MHz | Terrestrial interference
Ku 11 GHz 14 GHz 500 MHz | Rain
Ka 20 GHz | 30 GHz | 3500 MHz | Rain, equipment cost
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193-bit frame (125 psec)

Channel
2

Channel
1

Soio obb e S°

| |
) |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

\Binis ?ata—/\Bimisfor LQ J.AL> IDLéO‘.

a framing bits per signaling
code channel
per sample
4 T1 streams in 7 T2 streams in 6 T3 streams in

Wi

HEEE |4|0|\/ 1 T2 stream out \/

TTTTEE—| |+~ 5 3
4:1| Lo TOBHARGEARE =% |7:1| —= TTTTTTT]—= |6:1|—= TTTTTTT]
[Tl = =
ERERRGE
1.544 Mbps 6.312 Mbps 44.736 Mbps 274.176 Mbps
T1 T2 T3 T4
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Sy
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1
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Channel 2
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A'AA
{

60 64 68 72
Frequency (kHz)

ﬂ (¢)
| |

300 3100 60
Frequency (Hz)

(2)
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Long-haul shared fiber

Fiber 1 Fiber 2 Fiber 3 Fiber 4 Spectrum
spectrum spectrum spectrum spectrum on the
shared fiber
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A A A A A
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Digital AMPS®

TDM frame TDM frame
40 msec 40 msec
-~} - it -
Upstream 1 |2 | 8|4 5| 3 185001 MHz 1 >l 34|56 185001 MHz
mobile to base mobile to base
Downstream | 3| 1| 2|3 | 1|2 1930.05 MH.Z 6112 |3|4]|5 1930.05 MH_Z
base to mobile base to mobile
~
324 bit slot:

64 bits of control
101 bits of error correction
159 bits of speech data

(a) (b)
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Al
959.8MHz| | | | | [ [ 11ttt
: Base
to mobile
9354MHz| ) oy | | ) LI L L] 2
9852MHz[ | | | | | (0 L
>
o
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g- Y
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L . Mobile
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32,500-Bit multiframe sent in 120 msec

GSMe

C
o(1|2|3|4|5|6 |7 |89 |10(11|T(13|14(15|16 (17|18 (19 20|21 (22|23 |24
L A
I - _ Reserved
1—-’— 1250-Bit TDM frame sent in 4.615 msec ;—-—_' forlj:'éure
4] I 1 I 2 3 I 4 I 5 I 6 I 7 I

T 8.25-bit

7 Teel _..‘ ‘1_ (30 usec)
- o guard time

,/"’148-Bit data frame sent in 547 use(;\‘---\,\

000

Information

Sync || Information

000

Bits 3

31

57

% 26 f 57

Voice/data bit
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Six examples: A"L’ LSL"QK" ﬁLQ" 159) LJLM’)‘ :

-—-1- C Si=(-1+1-1+1+1+1-1-1) . ®
-11- B+C S;=(2 0 0 0+2+2 0-2) LQJS “b'“"ﬁ" LS)LM: ‘J.>
10-- A+B S3=(0 0242 0-2 0+2)

101—- A+B+C Sy=(—1+1-3+3 +1 =1 -1 +1)

1111 A+B+C+D Sc=(-4 0-2 042 0+2-2 ol N . . v @

1167 AdHeb b SZ:((—2—2 55 1651k o; )"‘QL’; L)LO) m T ULO) (o
(c)

asl g allss )5 ®

SieC=(1+1+1+1 +1+1+1 +1)/8= 1
S;,eC=(2+0+0+0 +2 +2 +0 +2)/8 = 1
SzeC=(0+0+2 +2 +0 -2 +0 —2)/8 = 0 e . b e . B PY
S,eC=(1+1+3+3+1—1+1-1)/8=1 c\.ula Py m < c\.ul.’ e
Sge C= (4 +0 42 +0 +2 +0 -2 +2)/8 = 1 ’ : : 4
Sge C= (2-2+0 —2 +0 —2 —4 +0)/8 = —1

(d)

b=10kbps < m=100 , TMbps Juls®
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