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offd M& OHM7t M= Cf & H| 27dBE 7HEICE O OHM| &OIA ALE RO A
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A. O|EHM2=Z AMEXARZE O] OfMOA RO{d =+ U= Z[C bit rate= CiEf &

=
OpeI7te ZHERSE R=A0 271 BS MOk [Spts]

C =1 Mhz * (27/3) = 9 Mbps

B. (AWOIM &2 O|2H ZCHXl= A =T =7tsotth Y Hojd kE 2
N2 8t 25 MbpsS SEZ $HCOHR (k > 1 9 &%), Nyquistoll o]
Mo levele B 2 sh= 0| BASIP ZhEie SEAD S B A
0f2t. [5pts]

2k = 8Mbps ( < 9Mbps) = 2 * 1 Mhz * log,L
—>L=2=16
OffH Oix oM &Z TR0l Imv & M Mz Of &8 Hl= 20dB RUC}
A el Az M2 HOpelrt? 10mv____ [3pts]

B. TI29| M20| 10mW O|H Al MHEL AnopQlivt? 1w [3pts]




3.

CtE 7HE0 siFdt= 80E QE Z0| Hojet [Z 18]
Hd 20]

Z} station2 St A E & 5+ U2Lt =2 | Half-duplex

SAlo & =& gICt

clctop ZAfsle TS| AlZH ZHHO| 2Ys} | Jitter

A xg =221 d8e

5= 717|910 AtEE 4= QU= connection Y@E} | Point-to-point

M wEo| MOZfEoZ, OOt JHat | Packet switching

S8 WAOZ ks 4 g

TCP/IP A& DA S host computer AtO| | Network layer zL2

of dZEZ T=7| Qs CtLst E4 7|=9| | internetworking layer

incompatibilityS ==2% Mg Y2 A

HolHEA ABMM mzlE 2= FY frame
a2 M JtAIENO TlESsE 4x10M ol FHf £ THGe= Yo £t
2x10% m/s & Iff, F2 M FMo| mE (wavelength)2 A0tQI7b? 7HCHSE Q= A
o e B2 MOt [4pts]

A = c/f = 2*108 / 4* 10 = 0.5 * 10®* m = 0.5 pm
QUTESIAE PCM WA o2 S42]2 XY HEj2 DHS0f MBI,

A. 0 ~ 4000 Hz o B4 FEDZ NS&SHD

HE CiAl Of221 &4

I W}

B. (A)OIA

8000 hz

samplingst= 2k

— =
ooz IAsta{H |

[2pts]

S Dool7p? amplitude__

(Hint: Z=7|X sinusoidal I3 S 7|ast=0 TR 3 24 = &L

g M =4 S0|A CIXE Hlof
E

A0Ore| sampling Bl &=

[2pts]




D. A=t OF
64000 bps

ag o

QMFEBI M=

A0Ore| bit rateZ} ERTHIP?

—

[2pts]

E. Case constant c=1/2 O|2}11

= Y=Z2 ot =l=717

T =2

AHESHCHE PCM 40| 27135}

S Alnf BIH B ME} [4pts]

B = ¢*N/r = 1/2 * 64000 * 1 = 32000 hz

F. EEj org21 gEo| YF 4000Hzt (F)o] Z1E FHog M, f2|= C

X|gzto| cH7t2 & H{O| CHYZZ ALESHA EIA=7t? _ 8Hf__ [2pts]
G. ot M, 1990EC0y T stFoM= FMUTB M2 0|8 QAHUZS ALBUCE

O|Z #®lsil CIX|E G|O|E{2| baseband (F modulation $iz=) &2 AL

CtH (D)2l bitrateE L{7| /sl 4000Hz CHAl XA HOpe| CHHYEO0| M

=71 32000 hz

[4pts]

6. Ct2 BE MY ozt & signale case factor c=1/2,

bitrate=N& 7|&=9 =2

ot Zf2 ™1, DC component B! long sequence of 1sO LC{3+ self-
synchronization2 QUSM O, gioM X2 Mozt [Z 0.5, & 63]

Line coding it ™ signal rate | DC component | Self- synchronization
NRZ-L N/2 (0] X
NRZ-I N/2 (0] o
Manchester N X o
AMI N/2 X (o)
7. CtZ line coding % block coding Al Z0|A KMA|E S21F 23 = AS
boxOf A 25 ZHOtM O S E N Eojzt [Zf 058, & 53]



A. 8B/10B 7.8,9,10 [Hint: 474]

B. Biphase 2,3,4,5 [Hint: 470]

C. NRZz-I 1 [Hint: 17H]

D. NRzZ-L 6 [Hint: 174]
1. USB20 2. Ethernet 3. HMEA (IrDA) 4. RFID
5.NFC 6. XX} L5 CAN bus 7. Gigabit Ethernet 8. HDMI

9. PCI Express 10. USB 3.0

8. O|FMQo| OrX|Et signal levelO| positive RCt 7H™SEL, bit stream 101010102

Cheol CIXE & wWwoz M&3IAUS Mo signal graphs 12i2h & &9

DE O|Mol ™ OFX|2 non-zero signal level2 positive voltage RICt 7t SIEL

[z 28, & 63]
A, AMI
‘ e ———

B. Differential Manchester

9. X2} (quantization) error0f CH%t

A3 M7|9 Hl= SNRg = 6.02 x n, + 1.76
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11.

12.

13.

ol Aoz mHE £ QUL (n, & sample & bit=).

A. Low-pass X EO0|M 20KHzO| CHYZE iK1 BHSE|= O Ofd21 A
£ Nyquist sampling 30| 120Kbps £ 2 H™
19.82 dB [3E]

&BHCHE SNRgs 7h QORQIZH?

B. O| I quantization level2 = 747t X| AL 7ts3H71? 8 [2H]

ASKQt AMO| 50| M= carrier0f| information2 7| /8l multiplier7} At2E
Ct 2™ FSKe}F FMOIM Z2 =832 {8 AF8&le 247 _VCO____ [13H]

100kHz °| CHYZO0| QICt Modulation Y filtering0ff Q|s{A EHAidt= Ar= d=1
0] FO{Z [f, ASKZ G|O|E{E modulation $t AL bit pattern0| XS Z F0f

Z [ (= case constant c=1),

A. bit ratels QOIE S A 9l7|? 7t2ESE Alqf

[ |

2 E§E Hoi2t [4pts]

rir

B = (1+d) S = 2S. Since S = cN/r = N, 2N=B.

— N = B/2 = 50 kbps

B. SYUstH c=12 7P¥stm, 22 100kHzo| CHAZZ JhX|1 #/ot9| bit
pattern0f| CHsli baseband transmission2 ot A0 H|SH (A)e| Z1t7} 7HX|
= H9E a& (FOZ tige Hz & &0td & A= bps)el H| (ratio)=

‘0| Z{'8kof| QF=ICE ‘O|AH'2 AOopQlvt? 1/4 [3pts]

O QPSK #+0jA| in-phasel| 12 0° 02 180°Z, 12|11 quadraturel| 12
270°, 02 90°2 3IUS M, YU bit stream| S R bit= in-phaseOf| A, &
+=H W bite quadratureOfA] MESHCHH 10011100 2 O QM =2 ®HH

S| =71 =ANCHZ2 M2k 45° -135°, -45°,135°_ [zt 2F, & 8%]

Ol= S|At7t 1IMHzO| low-pass iHS 7tT OiME SO AAESAXt ottt Of

S|AbE ZtZH IMbpsE M&E £ e 10749 x2S TEO0{0F $HCt d=00|2t1

A. QAME AtEotrtd & mf 2f x{EE X2 bits per baud & H0ORRI7}? [3F]



14.

15.

16.

17.

18.

10

B. (A)OM 22 xHE & constellation point = & AT [2H]

210=1024

Barker sequence (n=11)Z At23}= DSSSO|A] 20Mbpse| ™& DA 7} FO{ A CH

64kbpse| 59 MES =W R I =8 = UA=7F 2874 [2H]

5KHzo| Tis 7HX= 849 EEE modulatest?| ?fsf Ctzel 7[@sS A&

0 Zaw fYSL? (2 18
A AM: 10 khz

B. FM (B=4): 50 khz

L2 78-S0l 7HX|= bits per baud = 0OFRIZL? [2 1H]

A ASK 4B XM= 2

B. FSK,4Zo| Z=m<4=: 2

C. PSK, 4Z9| 2|4k 2

D. QAM, 64 constellation points: __ 6

gl me HAMM A= M A (phase)= =AMLz FAAZF? [3F]

connection setup, data exchange, teardown

HOHI™ HESINA 20|l HS &+ U= =M 27K FAAZ? 23]

out of order, loss




