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1 FFFááá���©©©ÛÛÛ

?Û��±Ï�T�kn±Ï5¼êg(t)�©)�eZ�(�UÃ��)�uÚ
{u¼ê�Ú:

g(t) =
1
2
c +

∞∑
n=1

an sin(2πnft) +
∞∑

n=1

bn cos(2πnft)

Ù¥f = 1
T´Ä�ªÇ§an, bn´ng�Å���uÚ{u�Ì��"

®�g(t)¦an, bn, cn"

c =
2
T

∫ T

0

g(t)dt;

an =
2
T

∫ T

0

g(t) sin(2πnft)dt

bn =
2
T

∫ T

0

g(t) cos(2πnft)dt

2 &&&ÒÒÒ333&&&���þþþDDDÑÑÑ���AAA555

2.1 kkk������°°°&&&ÒÒÒ

Bandwidth Limited Signals.

ªªªÌÌÌ£££spectrum¤¤¤ µµµ��&Ò¤�¹�ªÇ��"

���°°°£££bandwidth¤¤¤ µµµ&ÒÌ�Uþ8¥3�éÄ�ª�S§ù�ª�¡
�k��°§½�°"

555¿¿¿ :&Ò�&E«1Uå��°k��'X"
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2.2 DDDÑÑÑAAA555

1. éØÓFá�©þ�P~ØÓ,ÚåÑÑ�ý"

2. &�k��ªÇfc§0 − fc��ÌP~�f§fc±þ�ÌP~x³,0 − fc´

&��k��°.

3. ÏL&���Ågê��,&Ò�%ý.

2.3 ÅÅÅAAAÇÇÇÚÚÚ'''AAAÇÇÇ���'''XXX

ÅÅÅAAAÇÇÇ(baud): zzz¦¨&ÒCz�gê,�¡N��Ç.

'''AAAÇÇÇ(bit): zzz¦¨Dx��?� ê.

'''XXX: ���ûu&Ò��'A �'X.Xz�&Ò��L«3 ,K'AÇ´ÅA
Ç�3�;z�&Ò��L«1 ,KüÇ�Ó.

úúúªªª: UUUÏL&���p�Åê8N = fc/f1.

(((ØØØ: ===¦éu�õ�&�,k���°��
êâ�DÑ�Ç.

3 &&&������������DDDÑÑÑ���ÇÇÇ

3.1 GGGÀÀÀdddAAA½½½ÆÆÆ

1924c,GÀdA(Nyquist)��ÃÃÃDDD(((kkk������°°°&&&�����êâDÑÇúª,�
�DÑÇMµ

M = 2H log2 V (bps)

?¿&ÒÏL���°�H�$ÏÈÅì§z¦æ�2HgÒU��­yT&
Ò§&Ò>²©�V?"

3.2 ���ààà½½½ÆÆÆ

1948c,�à(Shannon)rG�ó�*��&�É����ÅÅÅ(999)DDD(((Z6��
¹"9D(��^&D'(&ÒõÑS�D(õÇN�')5ïþ§10 log10(S/N),ü
 :©�.(Ø�:�°�Hâ[§&D'�S/N�?¿&���êâDÑÇ�µ

H log2(1 + S/N)(bps)

ù�&Ò>²?êÃ'§æ��ÝÃ'"5¿µTª=�þ�§Ã{��"

4 êêêâââLLL«««ÚÚÚDDDÑÑÑ���ªªª

êêêâââLLL«««: ���[êâ(Analog Data)Úêiêâ(Digital Data).
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DDDÑÑÑ���ªªª: ���[&Ò(Analog Signals)Úêi&Ò(Digital Signals).

���[[[&&&ÒÒÒuuuxxx(���[[[&&&���) :
. . . �[êâ<))>>{XÚ<))>�[&Ò
. . . êiêâ<))>N�)Nì(MODEM)<))>�[&Ò

êêêiii&&&ÒÒÒuuuxxx(êêêiii&&&���) :
. . . �[êâ<))>?è)èì(CODEC)<))>êi&Ò
. . . êiêâ<))>êi?è)èì<))>êi&Ò

���[[[ÚÚÚêêêiiiDDDÑÑÑ333OOO���ÅÅÅ���AAA^̂̂ :

êêêiii&&&ÒÒÒuuuxxx`̀̀"""::: µµµ
. . . `::d�B¨,éD(Ø¯a
. . . "::´ÉP~,ªÇ�p,P~�x³.

5 êêêâââ???èèèEEEâââ

5.1 ÄÄÄ���DDDÑÑÑ

ÄÄÄ���: ÄÄÄ�ª�,�DÑC�c¤Ó^�ª�,´�©&Ò¤�k�ª�.
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ÄÄÄ���DDDÑÑÑ: 333DÑ���¦^Ä�&Ò.
. . .Ä�DÑ´�{ü�C��DÑ�ª,��^$>²L«0,p>²L«1.

···^̂̂������: ���«�¹.

������: ÄÄÄ�&Ò¤��ªÇ¤©é°,éDÑ�k�½��¦.

5.2 ÄÄÄ���DDDÑÑÑ~~~���???èèè

Xãµ

5.2.1 ØØØ888"""èèè���

���nnn :(NRZ Non-Return to Zero)^ü«ØÓ>²L«�?�&E(0/1).

"""::: :
(1)JuE@� �(åÚ,� �m©¶
(2)ux�Ú�É�7Lk�¨ÓÚ;
(3)e0½1ëYÑy§&Ò�6©þò\\"

(((ØØØ :N´DÂ�Ø"

5.2.2 ùùù���dddAAA???èèè

���nnn :(Manchester),�¡� ?è,z� ¥mÑk��aC"l$a�pL
«0§lpa�$L«1"

`̀̀::: :�ÑNRZØv,z ¥m�NCQ���êâ,q����¨,U
gÓ
Ú.
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5.2.3 ���©©©ùùù���dddAAA???èèè

���nnn :(Differential Manchester),z� ¥mÑk��aC,z m©�kaC
L«0,ÃaCL«1, ¥m�aCL«�¨"

`̀̀::: :�¨!êâ©l§BuJ�"

5.2.4 ½½½1CCCzzz���NRZèèè

���nnn :3z m©�§½1>²aC§½0>²ØaC"

5.2.5 ½½½0CCCzzz���NRZèèè

���nnn :3z m©�§½0>²aC§½1>²ØaC"

5.3 êêêiiiêêêâââ������[[[DDDÑÑÑ

5.3.1 ÄÄÄ������nnn

���nnn :q¡ª�DÑ,�3�½ªÇ��S��´þ,?11ÅDÑ.^Ä�&Ò
é1Å?1N�§¦ÙC�·Üu�´Dx�&Ò"

NNN���(Modulation) :^Ä�óÀè3Å&Ò�,
ëþ?1��,¦ù
ëþ
�Ä�óÀCz.

)))NNN(Demodulation) :N���C�"

NNN���)))NNNììì :MODEM(Modulation-Demodulation).

5.3.2 NNN���EEEâââ

�â1ÅA sin(ωt + ϕ)�n�A5:ÌÝ!ªÇ!� ?1N�"

ÌÌÌ£££������{{{(NNNÌÌÌ) :Amplitude-shift keying(ASK).

ªªª£££������{{{(NNNªªª) :Frequency-shift keying(FSK).

���£££������{{{(NNN���) :Phase-shift keying (PSK).

5.4 ���[[[êêêâââ���êêêiiiDDDÑÑÑ

)û�[êâêiz¯K,�¡�óÀ�èN�PCM(Pulse Code Modula-
tion). �âNyquist�n?1æ�.
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5.4.1 ���©©©óóóÀÀÀ���èèèNNN���

���©©©óóóÀÀÀ���èèèNNN��� :Ø´ò�Ì�êiz§
´�âc�ü�æ����?
1?è§ÑÑ�?�êi"

5.4.2 δNNN���

���nnn :�âz�æ���c�����+1½-15û½ÑÑ�?�1½0"

"""::: :?è�Ý�Ø´Cz�¯�&Ò"

6 õõõ´́́EEE^̂̂EEEâââ

���©©©EEE^̂̂ :TDM(Time Division Multiplexing).
. . .Ì�^uêiêâDÑ.
. . . T11Å,©¤24�&�.�eã:

ªªª©©©EEE^̂̂ :FDM(Frequency Division Multiplexing).

ÅÅÅ©©©EEE^̂̂ :WDM(Wavelength Division Multiplexing).
. . .~X��1,Ò´dØÓÅ�üÚ1Ü¤�.

7 ÏÏÏ&&&���´́́���ÏÏÏ&&&���ªªª

7.1 ëëë������ªªª

:�:ë�;
õ:�ª"
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7.2 ÏÏÏ&&&���ªªª

üüüóóó :&Eü�DÑ§iÀ&Ò�£x"

���VVVóóó :&E�V�DÑ,�3,����Uü�DÑ.

���VVVóóó :&E�Ó�V�DÑ"

7.3 ÓÓÓÚÚÚ���ªªª

888��� :�É�7L��z� &Ò�m©Ú°Ý§±B�(�ÂÚæ�"Q�
æ�ÓÚ�ª§��æ�ÉÚ�ª"

7.3.1 ÉÉÉÚÚÚ���ªªª

���nnn &&&E±iÎ�ü Dx"z�iÎdux�ÉÚ�)"I�9Ï §z
�iÎI�10½11 âUDx"

AAA::: DDDÑ�Ç$,Ì�^uiÎªàÚO�Å�mÏ&"

7.3.2 ÓÓÓÚÚÚ���ªªª

���nnn :&E±�©�ü Dx"DÑm©�±ÓÚiÎ¦ÂuV�ÓÚ"

AAA::: :
. . .�±ØmäDÑ&E;
. . .DÑ�Çp§iÎm~�9Ï&E;
. . .DÑ&E¥ØUkÓÚiÎÑy§ß²5��"

7.3.3 ÄÄÄuuu   ���DDDxxx

���nnn :æ^ÓÚ�ª"±�?� 6�ü Dx"Âu± �ü ÓÚ"DÑ
m©�(å±A½l �?� ÓÚ"

AAA::: :DÑ�Çp,ß²5Ð.
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8 ���������ªªª

3õ(:Ï&�ä¥,Ä���Ï½ämÏ&�´,¤���.

©©©aaa :>´��;�©��(�;=u�ª);©|��(���!�;=u�
ª);·Ü��"

8.1 >>>´́́������

Circuit Switching

���nnn : ��|^����ÔnÏ&�´,ë�Ï&V�.

nnn���ããã :ïá>´§DÑêâ§
Ø>´"

AAA::: :
. . .uxêâc,7Lïá:�:ÔnÏ´;
. . .ïáÔnÏ´�m��,êâDxò´�á.

ÞÞÞ~~~ :>{�ä;ISDN(Integrated Services Digital Networks).

EEE^̂̂/)))EEE^̂̂ :�m�©�v(frame),v�©�ø(slot).

8.2 ���©©©������

Message Switching

���nnn :&E±�©(Ü6þ���&Eã)�ü ?1�;=u.
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AAA::: :
. . .�´|^Çp;
. . .�¦¥m(:(�äÏ&��)�À�;
. . .ò´�m�.

8.3 ©©©|||������

Packet Switching

���nnn :&E±©|�ü ?1�;=u,
(:r�©©�©|,¥m(:�;
=u,8�(:r©|Ü¤�©.

©©©||| :'�©���&Eã,�½���C�.

AAA::: :
. . .z�©|�)8�/�,Õá?1´dÀJ;
. . .�ä!:��¥Øýk©�]
;
. . .�´|^Çp.

©©©|||������©©©��� :êâ�(datagram)©|��;J>´(virtual circuit)©|��.

EEE^̂̂/)))EEE^̂̂ :5g?¿¬{�êâ�±á=ux,ØI���slot.^N\��©Þ«©êâ.

8.3.1 êêêâââ���©©©|||������

z�©|�k�¡�ä/�(
!8�)§�rØÓ´»"XIP networks"

8.3.2 JJJ>>>´́́©©©|||������

´>´���©|���(Ü"

AAA::: :
1.êâ±�©/ªDÑ;
2.5gÓ��©6��©ÏL��ýkïá�´»(J>´)DÑ;
3.Ó
�©�y^S;ØÓJ>´�©�U¬��.

ÞÞÞ~~~ : ATM networks.
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8.4 '''���

'''��� :
1.©|���>´��,¢yÚOE^,¿©|^�°.
2.©|��I�?nPl.

(((ØØØ µµµ
1.>´��µ·Ü¢�&EDx¶�´�°�$�'�²L"
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2.�©��: ·Ü�´�°�p��¹,��(¹,�ò´�.
3.©|��: 3p�°¥�²L,Ün.´ú@�Ð���Eâ.

9 ������(((���

crossbar��;
�©��;
�©��.
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