I R
% & %' ( %


mailto:carewt@eeng.dcu.ie




) ,#- #o, #
Lo ¥ #
l, # 2 1 + o+
1# #1 #!
) . H#O#
#ox #" 4 # 51
& Oor# ! #!
+ # o, # "H2#
" #O# 1"#
) B OH L #H # -
##o- % o# #!
28 # # #) L # #
#O# #1 # 1'#

#

+

# #

*

or#

#!

#

#!

#!

#



/", #
# #

2 #

| # "#

C)#HH
o # #! # #
T+ HO# # # #
;6 # !
T4 #HO#

"4 # 4 "

; ! "H# #
o " " " "
;) # #

) #!

#
# # #
6 # #
'6 "I O#-#
7% JH#
6 ) #
6;)# "#
6'$ " # ## # "
6 6 #
67 # #
6= # # 14
6=; #
6=" # # #
6=6 "# " " # - #
68 # 4
68; "#
68' i "#
6< &#" # "
6<; # # " I#
69 "
6: ## " # " #
7)) " [ #1'$
7;)# "#
7' 4 HT " #
76 % "# # " "# #
77) " #]1 # #
77;0 #H# #" #!
77'0 " #l
7762" ## #1
777+ 1 " #]
77= #1
7=/ #

7on

6
7
8
9
(
(
;6
<
9
)
;9
(
'6
7
'8
'9
6(
66
6=
6<
6:
7(
7(
7
7
#! " #! 76
7=
7<
79
=(
=(
=7
=<
=<
=9
8(
8
8"






Bl "# "# # #

‘B ", # "l #* ) ;9

6B "# # "l # * ) ;<

7B "I # "l #

=B + "# " # "

8B # # 66
<B # ! #* # " 67

9IBC @ # "H 6<
B+ # "# # | 9 69

(B$ # # 6:
B # # # # # " # 1# 7(

'B3 #" # #l " H## #

6B + " 1#

;7B 1# #1 #H"l # 76
;8B 2 I# +$ #
<B/ "# # "

9B/ # "H# #" 1#
B/ # # " "

#* | *
(B
"B+ # =
"B 4 " #H# OH > # #

'6B  # = "H# ! 1# =6
TB =(-=( - . "# = # | # =6

=B/ "# # "# #! I #

'8B/ "# # # "# #! I #

'<B $ " H#H#HH#" (?E(? # " "#

'9B $ FG! # " "#

"B 2 2 H I #

6(B # "# OH#H"# ", 8'

6;B 2 #! 87

6'B #"# #!
66B 3 #" 1"# # - # 88
67B 1"# #o# "
6=B # # " # #! # 1"#

#! #"# !
68B )
6<B)
69B + '
6:B) "#
7(B) "# :
7,B0 ! # # # # (
7'B + " # N
76B  # " # # # # "# #
/ B) " H# # #
/'B v ;87 8= #"# # /.

N

Qe

78
78

7<

8<

8<

<=



/6B !

/7B
/=B
/ 8B
/ <B
/9B
/B
/;(B

B
'B
6B
7B
=B
8B
<B
9
‘B

$ B

# ;96
+ @@
>@@ $ '9;
# # #"#

# 6: i
$#"# # # =
$ (= 69

<: 9 #

# "#
$ #e #"" " #
2" ## " " #

"2 I #
C @ # #
3 #" # #
C @ # # #
3 #" # #"#
C @ # #
#" I @
! # #"

4 "#

$.6

1.7

/1.8
/1.8

/.6

/1.9



#
nyp g "
"# "#
# "
- "#
"# # "#
"# ##H
"#
# #
"# "##
"# #
"#
#
## |
"# "#
#
"# #
"# #
#
#
#"# #
HH# "# #
"##
#! #

97
98
99

6(

89

<8
<<

/.8



I # " #! #! !

#O## # #
# # # # # | #O##
" # 1" L # #
"o # # #O"O# O # ##
# A # #! # #!
# " #1 #o# # "g
¥ o##
! g ! #H# H#HH# ) # *

## # I, #
#o# " ## # 0 # I#
H# ##* ot # % # "g
" # ) #woo# " " H ,
* Lo# #
[ # " #1 HOH#H#
HHL N #HE B # #oL o+ #
#o1ox * #"# C # #1
HOHH# O ## " " #
# " # o # # 4 # ##
7( # <l # ! L #l #1
" #1 # #O1"H# # # # #



! #oo . #
! # A # " I
"# ! #
" .,! ,,# #
nn # # nn # A #
1"# " ! "#
! "# #! #l #!
# # "# # # #
/ "l #
. L]
1 ) # #!
# # o
# # #! #!
"# #
! # * 41
#-# !
B/ #
# # #11
| # | H# # *
# ! # # #!
# # #
# # ll# " # #

# # "
## #
" !
P " H#
#
#! #
"t #
#

# # #

AR
"# B
"H# #H#

# "#

) 1"#



#*

B $

$
2

||# #
||# #

A

#

(

J 8((

# #

# O O#* * H

@ #

$ "# @

(I K2**L J =(
M(; J$J
M6 =

J K2* * (LJ=(
M(; J$J
M6 =
'NO7-=
/

M6 (

| 2 P 28DVI6 (

O(" Q2R
(=J K2* LJ 8((

(; J K$*CL J6 (
(3 J # #
( JK*2x (LJ

#
JK*2x (L J
#

( Jk*2r (L J

= (:
$ (=
NR=¢(
Jk*2 (LJ=

( JK*2* (L J

#

O ;M= S '(J2

J 8((

- JK*2  (LJ=

O:(M= S '(J2

# # # #
# #
$ n #
- # & #
11} n !
) " # # n
) mn n !
C # # # #
/ n n # # #
1"# #
*2 #" #
n " #
# # # | #1
_ll # n
# # # . !
# n *
!
! # # " #
#
> # # #
#
- # 'k
# # #
B | #
$ # #
" V# -#
! # " | #
#
! #
| # #
2" ! #
! # n
# @@



, =(JK*2

(LI =( I "
) R o#l - ## # #1 # ! #!
#ooogn g ! BUOo# #H##

R " 1" # # " # #l#

## B # S H# # # ) # "g

" "g # "g "
! # | # # "4 " I #
"g "4 " #

I # # "HO# # Hog# " # 1
#0" A # H# T A # # # #
B # " # # 1"# #H O # #r
#1 # " H# " ## # #oo1 #
#o# " # # o " # #ootg 1
,O## Ho#" !

B+ 1"# # "4 B

#o# " # ' # "g "#

AT B #HE # g A # H##
#1 #

Loy # HH#H O # # T # *

#1 # #OH# W#HH - #  #

¥ o#  # Io# o#" # # o## M #
'+ HO# # # "H#
P "# B
"N H# O#HE ## 1"#
#O# "# o U #o# ¢
B #H#H" "g



# = # # o, "# #'# " o#! # "l

# # ! "H# #
A #* ! # ## %1 1U
# #"| I # !
##H * * !
B HH # " # #O## #
#1 A # (0 #
! o # o # 9= 1 #
" HO# #H# ! HHO#
P L # H L # #O# #"
A #M oo # *1 ##
#o, " # A1 L e @ g
## "o # # o # # "
x #OH - #H " "
#O T HEH g # o # "ol # (((
! # #O#H# #H # # # # # # #

"# # " B

Voo# # 6=*(((
Vo o+ # 1" " # # # # # "4
vV | # # W # #
Vo O###" #oo# # #!
B0t gHE e W HH#
vV o$ - # " o
"o
Vo) 4 # ## #ox g #1
# H# o # ! CHOWE "
4 #



#1

/0.1



6B

# ]
# ! |
& ##
# " o# #
# $"
# "#O#
g ;
#1 #! "o )
#, " # "
" # #
" g HH#
vy .
# #  #
PR
! # #
! # #
#oo" # o
# # #
, "B H
) # # #
H# "
#HH# # O H#

# * ) 1<
# B
# "l oo
I# o# 1 1 1## "#
# " # #!
# #
I# #
# # #l #
# # #*
#" #! "#
# # * ) 8=
n n II#
#
B
# n !
, # #
#! # "



7B

||! #

#!

#!

#!



T4 # #

| @ T H "# #-#
| #
' # 6 #1 " #! "H ## #
S H## 1 #M A # "# i
" HO# #* "# #! #U
A 2 2 T L
T # ! #1#
n #1 H# # " # #!
# # # ! #0" o# ., #. " #
#1 "I #
| n #I " I # 7
| 4o o# #1 #1 # O OHH "H#
# I # =
! # 8 non #| # #l n # #I ) #
#O1HHE # # # #



/ # o, #oo#" nu
#-# ) " # #" A
I# #l# " # ! , # o# #0" #
# #
M. 1] 11]
: ! # #
> # : "# # #1
i III Il# [1} [1}
+ n # ll# n n # #! # # ' |
#! "H# H# " H #* #1
# " # # # #1
||# ||# | * | #' ||’ * | # _# n
# # "H# # # #1 "ol HH#H#
"HH# " # # # # "
, # = #O# " # "H #!
" 1 #H## "H "H#
# # # # #1 "##
" H # " #HOHH # "# # # ! #
#o* #l# # # # #
# o, # # ) ## #D# #
# # # ) H-# # "l
#1 HH#t # ## " "# # # $ # "#
* I# #"l A
" Lo# # #
! # R L i
* g ! # -# ! # #1# #
# #o-"# ! #-#



6

(0]

#1*2 O
"#

#!

"#

/

#

$ % @
(6 J J=
RJ =(
(6 J J=
NRR ('=

#

+.3+

/

#* #!

$ "# @ #

»(

J J=(

NR'(

[ 2
O ('
(
 (

W

NRO 7 =
SHM6 (

P 2X+M6 (
Q2R
J J#
JJ#

=



! # # # # # #
# " "# O#"# 0 # # , #
SO AR # # , # i< # #l#
"# " # " # # #!
- 7)) - # # ! *C ;299
# # # # ! # # # #
# ' # # #" # # ! # # # =
## "H " # # #
# # #8
# # # # # ## -
# "# #"# # " # ## *
# < 2 #1
# # , # ;i< ## #
# . # V# # " # # O# # #
# I## #1 # # #
# #! #!
# "NE # # "# ) * ##
# # # # # D
#"A # "l # # , #
/ ! "# ! # U
# " #"I A # #"# # # # # #
, # D # # "# oo
# 1# #! # 1# ! #
7
=/ # # # #1 # # # 4 # # # #1 #
# "# # # #H#
# * 9=
8 Lo# * #H#t L # *L# #
# # ! # # # #oo1# # #
#0000 # # # ## # # # C *;:99 + #
# # # # # #! #o# ., " #
# # # #

+14+



! #! 1# " # # #

" A 2% " # ## # * "#
# # # # " # #! * Io#l A #
" o# " O# # * (M < | # # "#
# / I# # #! #!
"# ! "l - # # #"#
! #0" "H# 1# "o# " # "l #
I# "# ##" "#o ! I#
#! ! # o - # #O# #
# I# 1% #! + , # = 1 @
# #'672" #! # #

; # ;< # #! # #
# # " oo# ", 1# #1 1
I # # # # # #
#
! #1"# $ I# #!
# o # z # <
#" o 1# " "H# #o# # " # # I#
! I# " N €4 # "#Oo(?# #H O#
#o" # " , # o< "# #
"# # # #! #  #" A #1
#"# , !
, # L "# # # #
#! #OH# #H# " (- A #
#! *(7o- 08 ##  #* 6% - %
: ! # 9*87( - % " # !
< # #1 #oO# ## #
9) # SH T # "# TR #HH #
: #o# # "#o1 [@@ T
W o# # # #1

+1. +



$C # ("((< ((= ¥ Moo

#"#  8(( # ## @ #$  #
(8* (' ((< "# z # < $
+$ # (=
+ # ! # # # 9. # # # ## " #
Z # < | # L#H O O#O# Y "(((
#" # # # # Z # < # A #
S - B #(? # # i #! #" # \'(? #
#! "#oo# # # #" R # #
Y ! # " "# OH#H"#
Y1 # ;19 # 40 #
# #l I #l #1
# > #" #! #! "loo# " #!
# ! # # # # #!
# # # 1| #
) #1
111."
A # " # # # # ## #
, # # # -# # #
# #"1 A # , # i -# 0 # # #!
#! # #] # #"# #"I A #! @
-# # #! 4 # ;i< ## #
# " #! # "OHH - ## ! #!
# ! ! # # # # !
## #! # #1 "H# # # # #
, # ! # # # # 1#
# #! # - # I # #! I #

+11+



# #1
" #1 # ### " g #!
" ## ) #x # #O##
H# O #
" #ox # s
I @ # #UO# ### # #
#OO# # -# " "o ## #
- # # o "# 1# # #"# .$
" x g # H#"# I # o
#
# 06 #HH# # # # #1 #"#
#o# ## "# = # # LtoH #
# # # # # H##t @ !
# #o"# # #O#" A ##
"4
o # , #ou< # # #
#HoM o g " # #o##
! ! # # # L#
## # , #-# # + #
#" A # # Lo
| H#-# # o0 o# # #
#oO# A M o# # # A" ###
## # o # #"# #
H#t Lo# "## ! #-#
> ! ! # "l # # ## #" #" A
! # # # #! ## # # ! #! # #
#1 #! # ! # #" # ! #
# #1 <-< A #! ## Y ## # * 7

+15+



#! "1 #l p" ##
+ " #! ! # #"# i
o +7 > " S AN 1 # ! "
#"N A #  #"#E" ", , ! ! #-# # "#
# # "# # " # # # #!
" @ [ # "# # ! "#" A # # #]
# # #
1115
/ # # , # = #
# #1 #1 # # !
#! # # ! #1 # , I #
# # # " "# #
# ! ! # # # #1
#-# # " # 1 # # " #
H#H#H#" " #! "l 1A % # "#
2 ) # # # o # # "l #1 #
# # *# # ! # # ! U
, # A ## # 0$ #
#! "# #1 "R #O# R B
# # # #1 # # #*
# I #* - -
## = #! # A :
! , # #! # , # / !
# 7 # # #! /
#1$ # A , 7(
-7( - # o # #! # # ## #
1'/1$ I #l # A " # # #
3] # ((C."=( =8 - '=8 %>. /4

+16+

#!



# | /s # ] - , # o< #
; # I # # # #! # #
# # #H# # # # ##
/ " Y "# , # <
# # # # # # # # " # !
# # I # P # # I
# # # ).2 #! #
# Mo# "# # 0" o#" " # #
# ! #! # #O#" *
R 4 # Io## # * # # #
# # | | #
# "# # ! [ " -
# # 1 #"# # # !
"y #" " # ## # I #l , #
#! "H# o # "
Z # < # 7" ## #

I # o "HH ot ## # # "l
. # # #
#! # 7 1 # ,

# j=x # # # # #

# #1 #
I # ## ## , -#"# ! # #H#t#"
# # # #
## #! #!
+ # "l #" "# "# # $" "H
# " # # ! , # i<
# # #! 3+
7)&) 0 ). & ) O $ # ) .$ # ) 1) #

+17+



& "ty # # A # # #H#-# "#HE | #-#
# A # # , #
# # # ## #-#
"#o ! # 1 - #-#
#o#" A ! ##l #
[ #] " # #-# - #* # # #! "#
# "l #o* Peox *
#o#* ## # o # | # # # #
! #! # # ## # # # | #
# ! # #
1 #l 1 # # O#-#
#HEH#"*F #"H O "# c " # <l HH##H"
"l I # #-# #1* *
! "# -"# O # # # A # # #!
"H 1"# #"# #"I A #1 #! #
#ox " "# #-# "
# # # # # #"1 A #
#1 # # #"# #
# Il * , #! "# # "#
#! " #
& #1 # ! # # #
# o #l ' # = I # "#
A # " # #1 # ! # "# "
#O# # , ##
# #! " # O## # # # #1
z # < #! # " # o # # #
I # #! , " #! #H#H" #H#H H#HOH#
) VL # # " # # # # # # - #1 #l
"# 5 @* ;:8=

+18+



+ #-# " # # #1#

#! #H# #HA#H # #! # # -
#! "HHE " #18 , # ;< ! #H# "
# " # -#HH #" I @ # 1"# #!
! , # 1"# x| # /
#! #"1 A # " #! # #
"# R H LA "o ! # " # #!
# #! " # #!
c " # ;<6 #! ## H # . # #"
"I# #-# /o #omLommo x4
# #l # ! ##-# #* @, # ;<8
)# # # #! # # #
#H# "H
% ;798 # #lI# "oHH# R # o# .o g
# #0" "OHH# # #
= - # # % T "OHHBEH" H
#"# "# o ! # # "#
# # ) # gL oMt # - #" # D
#! # - # ; -
&1 # ;8 " # 1 # # # # "#
# # 1 # #! #
! - " ## 2 Py ## #
#! # # V'# # 4 #
# o P # # "# ## #l
# # , ! #1 # HE"H #
## # 2 | #! #
#* #1 "#l " # #
8 ! # "# # " # 2 # "# #! # #
# # / W4 5 #! i # # # #! #

+1,+



# ;:9< # # 1" # #-# #" #

" # ! # # " R B -
"# # ! # "H#O# # , H
#"# # #
# B O
W
P> # # # #! # #H1#
, # #! # #1#
# # #1 - ##
"7 % B # H
)# HH # # "# # # #"
"l #  # | " #! # " # # #!
" # " #"1 A | #
! " # #! " # R "#
! # #HH#H ## # #
# # "# # # ! #
bt oH# # " H #
# # # # #
! " non " #| # L #
Pt Al # # #"# # #
"# # #BHH#" H#H-# #! # #*
" n ## | # , # # # “#
# "# # ! "l # # #! A # 1"#
#

+19+



5 &
6:)# "#

! "H# #1 # " # # # # #l
# "# "H ORI A O H#HIB" # #"#H# "H#
# ! #oo," # "# #
0 ## "HOH# # o # #! # "l )#
#o# #o## # " # " #
-# L ## "# # , #H# #
T " #l "# # #o# # " #
#, # I#! "o # #
# # # ! ## #1 # ## -
#1 I # # # #
# , A ## -
#! , H#O# R
: # # "H# R # # 1 # # U
# #! " # #  #lag# " # "l
# I# " #l #
4 ! # # "#oo| # 1#
#ox " "H# : #! # #" A !
#! #! # #
! # # ((C # #! #H OH#H O+ H# #
" H# "#O# / "# # "H#
#1#! ( # " # "H#

R H 1"# #! "l " @ # |

+13+



#!

#i#
##

#!

+54+

6 # 1 #
"# = H#H* #
: o " &
"# !
#! # " B #
# #" #
! I # * #* #!#
# # | # "#  #l #
# #o11 #
6B #
$ >
8((
6((
7 (
# M( ;
M( (=
M( (=
#
# #" " #o# "#
#* "H#otx # " #
# #! #
# # ## # !
" wo# #
# # "
#1 # - # " # "
# 4 # - i
#! "#H# # #
"# # ##H #"
6<JIH#ITT + # # "R ##
# #o# #E # L# #

' # mn
ll# ;7
# #
#
#,
M6
M6
M(;
M(;
M=
% #
HH#E " 4 H#
"# “a
H# #
* ll# "
1 #
"H#
7 ( " H#



# # #!

n ! ll! #!
# o #l "#
) WX #l

# ##
"HOH# #HI
! #!

B + "#

# # #
#!
# # #

YO)X" ( . 2

! "# 2 H#T "

2 #

# #1

# #!

#!

"ol

#!

#



i< ! # #! A # Io#l ##
# #! i # " # # #! " "#
404" E4*" 6.6
!
40 " "#O"x
402 "# " O## # *
410 "#"O## " "# # #!
# " (1N 9(I*
#! AW
@) # "H# " "H# #!
"# "#
- # # # # 9l I1# i "
- # "H# # P Y #!
! # # @ # #1 # #
I # # # # # # I# # # ##
## "# # #! "2 1# #  # #
i #! A # i /" # I#
r- | #
# M(; [ ## # 0" ## # #"# #
"#HEO®E " ! " H#HE O, # #! ,
$ "# #H"# #! # # # # # #
# 1 " #! i 1# #
#! # # # "# O #! #!
! #"# # # " / #!
# # "l ! #"# #! # # # # #l
1# # | # # "l #"# # # #
#" # #"l A ##  #l I1#
P ‘ #oo#H#) " #oo# #
1# ## ! # oo # £ #l
# #

+51+



I+ 2
# " #
+ #
#
# # #
I#
L -
# #!
# o O##'9
1# # # "
/ # "
# # #
#! RR. -
,  H#H#
# I

n

## "

# #

.66.

#!

n

#

#l
##



" H# " H# # #!
# 1 # # #! "H# ## O#
#1 1:444 - #1 8((
# " O# 4 # # -# #

+56+



L g # #
6 = # " # | #
/1 " ## L
# TR I 1# =
I # #1 #1 HH# H## "
e ¥ # # #o# # "
# 1 # 1 " g L% #
" "HO## OB B # # 0 o# "
" = I# # 0  <((
1# # " #o +" 1 #
# " ## 1# # # # #oo# | "
#! # oo # #! Lol
H# #, # "
" # = #oo# #
# #o# #o1 # A
) # O # # # O EaH#H #
# " #! #! # " #
# o#", " # ! #
#OH## #! Lo #! ) # #1 # #1
¥ # #" #! # = #Hlu# #
# "oy "4 Ho## # #
" "o "L # o
P #! #! ¥ #  # I#
#! #o# Lo#lo# # # #!
oV # # o# # 1 # L #o##HI#
non g 7= # # # o #l
A # = R O
"k ) #oly t# o # I C



#! " #! 1 "#

# #| n n non
! n #l u! #' n " u# n /
u! #! # ||# # #! n n * #!
||# n / non # ( 6 n ||# ||! ( 76?
A 70 #oo# <((
# =(?
I # # # # # " #H O#H # #
! "t 1 # ! #UH #

u! n II# | # # n

#Oo#H#E # T HH #H #Ho#
$ #eooo# "t A # #o" #
1"# $ " #H o# # #wyg oo
## O #! A A , #
#oo# #
I # # g o#l #! 1# ! "
I1# "H " L # # "
# o #o# # " # " #
"# # B # # #o## "
#OHT - # " #! ;6 Lor# e #
#! # # # # 2 W # #
" # #! #oo"H "
! no #  #78?2 # " " #
" # 78?2 # # #  # 1 - #it
" #! " :8( "
# # o# o# <<l 1" "o #
> #! "#o- # (77 2%
# #oA "# ! "o#
g @ H # # I1# #
" # # - # 6((!

.68.



n #
% " # ! @ #
+++++
+++++
+++}+
# 7
+++2+74
+++2+.44
2 .74
+++2+144
+++2+174
* 9; C @ # " #
n n #* d|* #! #
"#o8(( ™ # # 87 #1
= #oo# /! @ # "t o#
! ! R I # |
;95 ) # "# # #! # "

ca6<c



#l # #H#H-#
/" # # #
" # " # #

$ ! "l #

# " # -"HO#

" " #

! # # o O#"
"H # OBH
# #
3 #" # "
# 11" H#
+

+++2+ 74
+++2+ .44
2 .74
+++2+ 144
+++2+ 174


































































































































































































































































