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1.1 AREFFERFANAMIR

(1) #EHI38 1Z £ 4 (analog communication system) {E B, M EBEREIEHER
(functional model of digital communication system), SEREEEHKEN OB FEFEETE
4% ;5 (main feature of digital communication in comparison with analog communication).

(2) BT (simplex)#&{F, 2 W T (fullduplex, FDX) & & , 26 S T (halfduplex, HDX)
&,

(3) £ B 8 (information content, the amount of information); {58 & % {7 (the
unit of information content); I 3% (bit); B &K & E B {E B B (average information
content per symbol); {5 & 4 (information source entropy), N MM A EFEFHELEE
(average information content of information source),

(4) 55 #EHE (symbol rate) ; (£, XHKIEICHE T FFFE (baud rate) ; L {FFE
(rate of information transmission), X # 4 {5 B B % (information rate) 3¢ H, 4§ & (bit
rate) . ‘

(5) M#H 55 (M-ary signals) IR, M #HFEEEFR EBRE5EEED
"H.

(6) #H#] A # (frequency-band utilization) ,

(7) RIL R, NI E 4 R (symbol error probability); iR{5 ¥ (information
error probability) , X & 45 £ 45 3R (bit error probability) .

1.2 JJBRR

1-1 BEXFHE HIHEEY 0,105,z HIHBEER 0.002, K E K« 013
BE.
B BEFSEERAR . #H¥RA.4-1),I=—logP(x), B
I(E) =— log, (0. 105) = 3. 25bit
I(x) =—log, (0.002) = 8. 97bit
122 EERRN/SEL AB.C.DME AR . BE—FSHr B, X HAKE
53K 1/4.1/8.1/8,3/16 #1 5/16. I RZFERBEHSHTHFEER.

. BESHEED THELRAR BHA . 4-2), H@) =— 2 P(z)log Px) &



2 BEREFIHRE(F 2K

H(x) =— (1/8)]log, (1/4) — 2 X (1/8)1og, (1/8) — (3/16)log,(3/16)
— (5/16)1og, (3/16) = 2, 23bit/ FH}t
1-3 BHLAANRS HPU3 M SHHAKEN 1/4.1/8.1/8, HEFSHH IR
M., RAHEEAFSENEHFEER.
B BANFESHAME p,=1— (3 NMHSHAMBMEZH) =1/2 RIEHH
KA 42 BZEFSENTFBHFEERN
H=—0. 25log,0. 25—2X0. 125log,0. 125—0. 5log,0. 5=1. 75bit/ &
1-4 —AHFH AB.C.DHBHFE, X FERNE—F5/ ZH#H kWRD 00
REF A0l ¥ B, 10K C, 11 K¥F D. B NMKWRER 5ms. N
() AEWFERUETREEAN , AHTEARNTEHEREE,; ,
(2 %Eﬁ\gﬁfﬂﬂﬂgifﬁgﬁﬁ%“ﬂg PA=l/s’PB=1/47PC=1/41PD=3/10v1‘£i+
BEERPHERER,
. () BEHHRAQ. 4D, IUE—F8F) =—log, (1/4) =2bit,
REHA R (1. 4-2),18
H(x) = (1/4) X 24 (1/4) X 2+ (1/4) X 2+ (1/4) X 2 = 2bit/ F#
WBEEEGETER, FHER N E L, REHXA.5-2),F

_ 1s
Ry = 2X5X107%s

BERACBRSEERERRERONALRR. REHRA.5-2),F
R, = Ry X H(x) = 100Baud X 2bit/ & = 200bps
(2) REFHXA.42),18 '
H = (1/5)1og,5+ 2 X (1/4)log; 4 + (3/10)log, (10/3) = 1. 985bit/ FH}
BEHHMRA.5-2),18
R, = Rz X H = 100Baud X 1. 985bit/ £ = 198. 5bps

1-5 HERFE/RETREHSRNUAFR ZERCFES, AR 3 ALK B 3k
AR I AR MR s BRI A B R B 1/3.

D HESAWHERE;

(2) BAMAMHEBAHEER Y, AHBESAMUHTEHESR.

fiR: () REERE

"P(E)+PED =1, PQRD = (1/3)P(E)
PR =1/4, P(H) =13/4
EEMIRA#HEMRA.4-D, 8
IR =—log, (1/4) = 2bit
I(&) =— log,(3/4) = 0. 415bit
(2) R\HMX1.4-2),F
H = (1/4)log.4 + (3/4)0. 415 ~ 0.5+ 0. 31 = 0. 81bit/ K=

16 R—EEEM 128 MRRAMASAR. Hb 16 M HAMBREY 1/32, LA 112

AR R 1/224, EEESHRE 1000 MFE , BT S by, RitE%E

= 100Baud
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BENEHFEEREE,
. BEHEMNA.4-2),F
H(fF8)=16 X (1/32)log,32+ 112 X (1/224)log, 224
~ 2.54+0.5X 2.35/0.301 = 2.5+ 3.903 = 6. 403bit/ 55
KIEEBE(BITEE, FRER)HE L, N 1.5.2 %, Rs=1000Baud, ?ET»:

RABHAA.5-2). 8
R, = Ry X H = 1000 X 6. 403 = 6403bps

1-7 &8 1-2 $hf5 BIELL 1000Baud B #RKE %5 R, MifE% 1 /J\HTE‘Jf“E\Eﬂﬂg}‘
3% 1 AR ATEERBNBRERRIZ DT
#&R: D R,=Ry X H=1000X2, 23=2, 23X 10*bps
B R B — N 8 B R |
I=TXR, = 3600X2.23X10* = 8.028 X 10°bit
() FREBMAAHBXE, LA
H... = log,5 = 2. 32bit/ F &
212 1 /A RER BB REREN
Tax = T X Rymax = 3600 X 1000 X 2. 32 = 8. 352 X 10°bit
1-8 MR _HMVERES BILEEN0.5ms, 3R Re Fl Rz ; AWUHHRES BT
FEEERH 0. 5ms, REFSH Ry, MM T F B B4 /5F Rui o
. (D REF|ABRE REHRA5-D,F
Rg, = (1/T) = 1s/0. 5ms = 2000Baud
HE—#HM Yy FHES, TR A.5-3), FUF
" Ry = 2000bps
(2) RIEELRE S REHMKA.5-D.H
Rp, = (1/T) = 1s/0. 5ms = 2000Baud
E%J&’Zﬁi%ﬁf"% AR MR 5-3) , FTRAMEE RN
Ry, = 41000bps
119 CAENFMBFERRANEEEREN 4800bps, AR MHHFEEWMERES
RIS A . BUORTE 0. 5h LR 54 WS4 R T, RITERXREWREE,
f: BEHHRA -3DBEHER
Rs. = Ry /log,4 = 4800/2 = 2400Baud
0. 5h Jil B S IC B3R
N = Ry, T = 2400Baud X 0. 5h X 3600s/h = 4, 32 X 10° 4+
BAHRBITE N =54 FLEARMRERABMR A 5-6) . BERLRD

)
P, = N./N =54/(4.32 X 10°) = 1.25 X 107
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2.1 KEHERRRAMBLE

(1) # 5 ¥ (deterministic) {5 B, J& # (periodic) {5 & #1 3k A # (nonperiodic,
aperiodic)fE 5, fE & (energy) E BRI X (power) E 5,

(2) =5 M8 E N % FE R (Fourier series representation of periodic signals),

5504 B H 2% B (complex exponential Fourier series) , /8 8 H 2t ¥ & ¥ (Fourier series

coefficients) , 5 5 &9 {8 H it & $ 1% (Fourier coefficient spectrum of signals), I {& i
(amplitude spectra) , fifif i (phase spectra),

(3) IE 3% 4 3% {8 Bt 2% $( (sine-cosine Fourier series), 4 3% {8 H M 2% ¥ (cosine
Fourier series).

(4) {4 B 25 ¥ (Fourier transform) , {8 B M X ZF #t (inverse Fourier transform), {§
B A #5t (Fourier transform pair) ,

(5) WEEHE .

(6) By i o & (unit impulse function),

(1) AR5 HE RN B (Fourier transform of periodic signal)

(8) EEEMR/REEE = H (Parseval’s energy theorem) , RE &% BF (energy spectral density) .,

(9) FAIES R % E (power spectral density of periodic signal),

(10) HAH% K% (crosscorrelation function) , § A3 % (autocorrelation function),
HXERSIEEE.

2.2 BN

2-1 REEHAE P2-1 FRBMGESNEEMNRE N

s(2) = Z o +1cos[2(2n+1)1rt]

HEHHES s(t)%ﬁﬁﬁ%iﬁ$*ﬂﬁ¢§{§°
s()

|
-1 |-1210 172 1 1(s)

B P2-1 RAMES OB



F2%F BEAMEF 5

. BEHMRQ 2-2)  RABSRFRWAPME T.=1s, FE(—1/4,3/)—1 R
BHAETE. &
T,/
C,= (1/TU)J s(t)exp(— j2nnf.r)dt
~T,/2
1/4 3/4
= j exp(— j2znnz ) de —J exp(— j2nnt ) dz
—1/4 1/4 }
=—[1/(—j2xn) ][ exp(— jnn/2) — exp(inn/2)]
+[1/¢G2rn) L exp{—j3nn/2) — exp(— jnn/2) ]
= [1/¢nn)Isin(nn/2) — [1/(nx) Jexp(— jnxn) sin(an/2)
2/(711[)’ ﬂ:"'_79_37135v9!"'
= [1/(nx) ][1 — coslnn) Jsin(nn/2) = <—2/(an), n=-—5,—1,3,7,11,+-
O, n="'—4,—2,0,2,4,"‘
#EXRA#MRKC 2-D,F

s()= Z C.exp(j2nnf.t)

n=—0c

%[exp(jznt) + exp(—j2xnt)] — %T[exp(jﬁvrt) + exp(—j6xt) ]
+ %[exp(jl()ﬂt) + exp(—jl10me) ] — <=

cos(2xt) — icos((imt') + icos(lO-rrt) — e
3 S5n

4

T

= 23 S Prcosl2@n+ Dwe] R
n=0

B EREH, ZESWEFEN 1Hz, BIRIEN 4/2V,

22 W—1FES s(OMUERR

5(t) = Acos(4nt+ @), —o0 <t <+ oo, A MG BREE.

RAERNRESERERES FRELDREEFRERBEE.

. (D KREHMRC 1I-DBZHESHIHE P,=0.5A% , AT L B # A X (2. 1-5),
FUERNEEFS.

(2) H—HRIREEHREHREK:

HZESED ESHNRE f,=2Hz, BIEAR T,=0.5s. KF\EHEM K (2. 2-2)183]

/
C,= Zf i Acos(4dnt + Dexp(— jdnm ) de
4

-1 .
174
Z:Jllﬂ{f&exP[j4W(1'_'")t]exp(je)4”fxexp[“‘j4n(1'+-n)t]exp(——j0)}dz

_ i sing (1 —n) _ip sinx(1 +7n)
0.534" =0 —py T3 T TS

f EXBRE,C=0.5A¢",C_,=0.5Ae77, X F n=0 FIHAMEL C,=0,
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W RE U FERASMR (2. 2-33) . BIERNES s WIHREHF N
P =[C [P8(f— fo) +| Cy [P8(f+ fo) = 0.25A%8(f — 2) + 0. 25A%8(f +2)
2-3 WHE—FS
Aexp(—at), 01t
s(8) ={
0, t<<0
REERWRESERBREGS FRRIRIEFEIRRIETE.
2. (L KE\EHMRC 1-2),FRABH s BH. B
r::sz(t)dt = J?Azexp(— 2at)dt =— (0.5A%/a)exp(— 2at) l:o = 0.5A%/a

R ERFHEEHEMRC 1-0),.FFUERERES.
(2) HERKs(OMEENTH,H

S(f)= rAexp<—az>exp(— i2nft)dt = Arexp[— (a+i2nfrelde
] 0

A AMa BRT OHEHK

— . c_ —A . _ A
a+j2nfexP[ (a-|-j21|:f)t:||O —a—j21rf(0 9] e

FREHMK(2.2-30), BB RGBRIEEER
| S(NH |2 = A?/(a® + 4x* %)
2-4 AP THRBEFW-EBEESHREFEFNER. BHP o IEH.
(D SCH+ 25 (2) cos’2xnf; (3) expla—f*),
[#&F: T A#HX(2.2-35) R BriE |

£

- (1>£[a<f>+ﬁ]df= .
A DL 7S 15 2 o R o B A R
(2) r cos 2 fdf = [o. 5F + —é;%-tsintlnf:l\x — o

—oc —as

AT T 6 2 o 2R B BN S .

oc

3 J-ic expla— fA)df = e"j_ exp(— fA)df = e Vr

Y U e R 2 SR o A R

2-5 B3R s(e) =Acos(w.t+O) MW BHXREL N AHXRPOR B HIE, 7%
BFEEFTHZH A w. MOBEREE.

f: (D HEEAMI T, WES,ILUARA#EMR (2. 3-60)BHFERKG 5 HXKE

T,/ T, /2

2
Ro@= /T stost+od = A/TH[" costunt + 0 cos[wn(t +) +01ds

T, /2
= (0.54%/T)[ " {cosane+ coslan (22 + ) +26]} de

T,/2
—To/2

= 0. 5A%coswor + (0. 5A%/T,) (1/2w,) sin[w, (21 + ) + 26] |

(2) R\ R (2. 3-1DERMERNZESTHER
P, = R.(0) = 0.5A?

= 0.5A%cosw,
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2-6 RIES sOMHEEMZESRN S(O=sin(xN/nf,BRBESHEHELEE R .
B E—SREHMEZ- 1B 7HPHEERMEETZHTARX, 2 ZAR K
T=1 !ﬁ‘
sin(af)/nf = sinlw/2)/(w/2) <> rect(2)
BriLig
s(t) = rect(s)
FE_ARBEEHMKC.3-OHE s st BEN T EHBEAHACHREME. B
R0 = | sste+od
O o<1 B, I 2.6-1 FF
R.(D =[
@ — 1O B, A 2.6-1FF
1/2

R.(0) =J dt=1+1

—1/24¢

1/2—r
dte=1—1¢r

—1/2

s(1) )

Y 00 - Myp !
I
|

[ ]

-1/2-t -1/2 0" 12—
1

[[ ]

—1/2+70 12 t

B 2.6-1 HEEHTER

1— |z, —1<<K1

Q@ BHMMERN MK 2.6-1 FFH Rs(r)=0,,§»Z,Rs(r):{o i
2-7 BEA—ESsOBNBEMEEREHN
R, (z) = (B/2)exp(—Ek |z |), EREH
(D HREREEE P(HATEP,;
(2) REH R, (DM P,(OKIBHELR.
f#: MR RSIME3-5 HA.
2-8 BR—FET s(OMEMRXEERL 2 XA R MRS
Ro=1—|7z], —1<r<1
HOR s(OMTIRIEEE P(H)FE ik,
B B EMERE T E3-6 HHF.
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29 BH—ES sOBWNTHRBERE R
3X 107 A (W/Hz), —3kHz< f< 3kHz

PP ={
0, H A
HoRHFEHh e,

M. RIE\BHK(2.2-30), BHFFRNES O PR

- 3000
P, = Ps(f)df—_—3><10*9J- fdf=10_9f3l3000 — AW
—3000

e —3000
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3.1 AZEFZERAHANL

(1) BEHLiT # (random process) ; 4345 PR (distribution function); HEF % B B
(probability density function); 3 {H (average), ¥ & b ¥ 2% #] B8 ( mathematical
expectation) ; J7 2 (variance) ; H f5%B ¥ (autocorrelation function) ,

(2) 3 M Plit #2 (stationary random process); B X R B #l i1 78 (strict-sence
stationary random process) , X ¥k = -5t 8; I~ X F # it 2 (wide-sence stationary
process) , XA T L RBEHLI B &AL (ergodic process) .

(3) HXERE, hRiEF F (power spectral density), -

(4) EEABEVLE B (normal random process) , X R K & 8 i1 #2 (Gaussian process) ;
R4 B (probability integral function); iR 25 58 ¥ (error function); ¥R E B
(complementry error function), '

(5) # % B L1 # (narrowband random process), fd 4% 4> 76 (distribution of the
envelope) , H {3 43 i (distribution of the phase), 5& fi| 4> 5 (Rayleigh distribution), 4]
4y % Cuniform distribution),

(6) H M7 (white noise) , 5 W 7 # 5¢ BRL, 47 FR B 8 75 (bandlimited white noise),
{38 1 A (lowpass white noise) , #7338 (1 7 (bandpass white noise) ,

(7) ZEH5 T WM& 75 i IE 3% I (narrowband Gaussian noise plus sine wave), ) X Fi #)
3.

(8) BEMLIT BT & & % (linear system) , B Bl TR RS,

3.2 EFR

3-1 BT BTERRR ) =2cos2n+0) , R 0 R— BBV ER, B
- P(@=0)=1/2, P@==x/2) =1/2
R E[e(1)] K% R.(0,1),
. E[e(1)]= E[2cos(2x+ ] = 2E(2cos®
= 2[(cos0) X (1/2) + cos(n/2) X (1/2)] =1
R.(0,1)= E[£(0)&(1)] = E[2cos(8) X 2cos(2n+ ] = 4E(cos*9)
= 4(cos’0) X (1/2) + cos?(n/2) X (1/2) =2



