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ANSWER to Q1
 1) A B  D C E

2) A B C D E

3)  B C D A E

4)  B C D EA

5) A   D EB C

6) A   D EB C

7)  B C  EA D

8) A B  D C E

9) A B C  ED

10) A B C  ED

11) A  C D B E

12)  B  D EA C

13)     EA B C D

14)  B   EA C D

15)     EA B C D

16)     EA B C D

17)     EA B C D

18)    D EA B C

19)    D EA B C

20)    D EA B C
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ANSWER to Q2
a)  .Ð5X Ñ œ= . . . . . is a Gaussian signal with mean  and std i.e. pdf N( , ). 5 . 5

 mean œ œ Ö.Ð5X Ñ× œ Ö1Ð5X Ñ  1ÐÐ5  $ÑX Ñ× œ !  ! œ !. X X. = = =

 =>. œ œ T5. .È
 X œ=

"
"#‚"!$

   T œ Ö. Ð5X Ñ×. =
#X

  œ Ö 1Ð5X Ñ  1ÐÐ5  $ÑX Ñ ×X a b= =
#

  œ Ö1 Ð5X Ñ×  Ö1 ÐÐ5  $ÑX Ñ×  # Ö1Ð5X ÑÞ1ÐÐ5  $ÑX Ñ×

œ V Ð!Ñ œ V Ð!Ñ œ V Ð$X Ñ

ðóóñóóò ðóóóóóóñóóóóóóò ðóóóóóóóóóóñóóóóóóóóóóòX X X# #
= = = =

11 11 11 =

   œ #V Ð!Ñ  #V Ð$X Ñ11 11 =

  œ # Ö  '!!! ‚ !×  # Ö  '!!! ‚ $ ‚ ×exp exp "
"#‚"!$

  œ #  # Ö  "Þ&× œ "Þ&&$(exp

b) pdf N(0, ) N(0, ). œ "Þ&&$( œ "Þ#%'&È
 pdf of . Ð5X Ñ À; =

 pdf d) d: œ Ð œ " ! "'" .
_

"Þ#%'&
"Þ#%'&
"Þ#%'&

' d T Te f e fœ œ Þ

 : œ !Þ&  : œ !Þ$%# "

 : œ : œ !Þ$%$ #

 : œ : œ !Þ"'% "

c)         7 !Þ$% !Þ$% !Þ'' "#

       7 !Þ$% !Þ$% !Þ$%$

     7 !Þ"' !Þ$#"

   7 !Þ"'%
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i.e.  Source Coder   
7 È !"! 6 œ $
7 È " 6 œ "
7 È !! 6 œ #
7 È !"" 6 œ $

" "

# #

$ $

% %

d)

  : 6œ œ

: œ !Þ"' 6 œ $
: œ !Þ$% 6 œ "
: œ !Þ$% 6 œ #
: œ !Þ"' 6 œ $

Ô × Ô ×Ö Ù Ö ÙÖ Ù Ö Ù
Õ Ø Õ Ø

" "

# #

$ $

% %

 . 1.98j œ œ : 6 œ !Þ"' ‚ $  !Þ$% ‚ "  !Þ$% ‚ #  !Þ"' ‚ $ œ


: 6X !
3œ"

%

3 3
bits
level

 1.98 23.7 kbits/s< œ j ‚ "#5 œ ‚ "#5 œ


data

  22.8526 kbits/s< œ ‚ "#5 œ ‚ "#5 œinf ‡ ðóñóò: :X
#log Ð Ñ

‡=enropy=1.9044



Examination 2002-2003 Confidential
Examiner: Dr A. Manikas Paper: Communication Systems

Solutions page-5

ANSWER to Q3
a) Transmitter:

  I/P -law encoder:  3.7E 1Ð5X Ñ œ  Z=

  maximum input:  1 œ &Z7+B

 
   

4

" "
E E

1Ð5X Ñ
1

œ !Þ!""% Ê  B  "

B œ œ !Þ(l l ½ ½=

7+B

 
  Therefore, O/P of -law encoder: E 1 Ð5X Ñ œ ‚ 1- = 7+B

" ÐE B Ñ
" ÐEÑ
ln

ln
l l

     4.72496Ê 1 Ð5X Ñ œ  Z- =

     4.7249Ê ,   Z  ,! "

 
  Therefore, O/P of quantizer œ 7 œ  %Þ$(Z"

 Receiver:

  I/P -law decoder:     (or E 7 œ  %Þ$( Z 7 œ  %Þ$(&Ñ" "

  O/P:  (1 5X Ñ œ Ð"  ÐEÑÑ  " ‚ 1out = 7+B
"
E 1

7exp lnš ›"

7+B

     Ê 1 Ð5X ÑÒ œ  #Þ&!*Z Ð9<  #Þ&##(Ñ9?> =

  8 œ  $Þ( Z  Ð  #Þ&!*Z Ñ œ "Þ"*"!Z Ð9<  $Þ(  #Þ&##( œ "Þ"(($Ñ;

b)
 U œ )
 # œ U œ ) œ $log log# #

 SNR dBout œ %Þ((  '  #! Ð"  EÑ œ )Þ!!&)# log ln"!

c)
  bits/s  (or 5 /8  Bytes/sec)< œ J œ $ ‚ ")5 œ &% 5 % œ 'Þ(& 5, =#

  = 2GB  sec= hours .3 hours'Þ(& 5 ‚ > Ê > œ ‚ "! œ )#Bytes Bytes
sec 7 10 Bytes 3 0

#‚"!
'Þ &‚ 'Þ(&‚ ' !

# '
*

$
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ANSWER to Q4

a)
R
#

"# "#
!

! œ "! Ê R œ # ‚ "!

point A: bit rate 166.6667 bits/secœ 5

point B: bit rate 3 166.667 500 bits/secœ ‚ 5 œ 5

point C:
 channel symbol rate (point C) bit rate point B)Ð œ Ð

 i.e. 500< œ 5-=
channel-symbols

sec

  sec per channel symbolÊ X œ œ # ‚ "!-=
"
<

'
-=

b)
point D:
 I œ E ‚ # œ E X! -=

# #X
#
-=

 I œ E ‚ % œ E X" -=
# #X

%
-=

 I œ ÐI  I Ñ œ E X, ! " -=
"
#

#

 Therefore
   EUE œ œI E X

R #‚"!
, -=

!

#

12

 

Examination 2002-2003 Confidential
Examiner: Dr A. Manikas Paper: Communication Systems

Solutions page-7

 
 Therefore

  E X
#‚"! #‚"!

# # '!Þ&‚"!#
-=
 '

"#

12 œ !Þ#& Ê E œ Ê E œ !Þ#& ‚ "! Ê E œ !Þ&7Z

c)
point F:
 correct) Pr Pr PrÐ œ "  Ð# /<<9<= 38 + $,3> =/;?ÞÑ  Ð$ /<<9<= 38 + $,3> =/;

œ : Ð"  : Ñ

ðóóóóóóóóóóóóñóóóóóóóóóóóóò ðóóóóóóóóóóóóñóóóóóóóóóóóóòˆ ‰$
# /

#
/

?ÞÑ

œ : Ð"  : Ñˆ ‰$
$ /

$ !
/

     where œ "  $: Ð"  : Ñ  : Ð : œ !Þ$Ñ/ /
# $

/ /

   œ !Þ()%

d) … œ œ
ÐH lL Ñß ÐH lL Ñ !Þ()%ß !Þ#"'
ÐH lL Ñß ÐH lL Ñ !Þ#"'ß !Þ()%” • ” •Pr Pr

Pr Pr
! ! ! "

" ! " "

e)  ‰ œ Þ Ñ œ Þ œ
!Þ&ß ! ÐH ßL Ñ œ !Þ$*#ß ÐH ßL Ñ œ !Þ"!)
!ß !Þ& ÐH ßL Ñ œ !Þ"!)ß ÐH ßL Ñ œ !Þ$*#

… …diag(: ” • ” •Pr Pr
Pr Pr

! ! ! "

" ! " "




