LUND INSTITUTE OF TECHNOLOGY

Lund University






" 4 S
" ) 0" % 12$ (
4 5652 "3 4 .76!2 #"
" " 8 " #
" "4 "o ("
) * St H " &
4 (o

wowngow & " "
4 & oo # $(
*y oo H
# " %, " "
" # # )*-
#rs

# o+ $+
rn #$ ( " "
"HH " ot #

39952 "






|97

QISISIONS)

. 72

.72

%

@2 !



%

#6

#

LOII _~»IX



$
25 (-7 $PSPPSPSPSS SIS DS DSBS P SRR S S5 S P PSSP S S S B BS $$$$$$$$$$‘
?>>-@)?0)+ ? L>+ $EITEISSTSSTS SIS S S R REEP S S S S HS

39 (-+ D*(+ $EESTEISTES ST LSS S S SHEHHHEN

$? 4 %) * SES PP S S S S BS S B B  E  RE $ S S S S S S PSSP S S S S S

PS8

$3$3 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$"“""“"““‘“““ $ESS: m:m:mmm«mg;%g;c
$38 * #  SEESSSTTSSSSHHES
$3B* " FESSSSSSSSSSS TS

$$3 % $SEEISEEISTSSSEHMW

$$ %" $SSSSSSSSSSSSSS HRBHHIR ‘
$ ¢! $$$$$$$$$$$$$$$W$$$$$$$$$$$$$$$"“""“""“""““ $HS: ¢¢¢¢¢¢¢m$$$$$$ﬂ
$$=M " FESSLLLLEEE PSS SSSSSSSSEEE S5 $5S: SRR
$1$3) $ESSSEEELETTTTT$SSSSSSSS TS5 H $S: "‘“‘“‘“‘“‘“"‘““‘“‘%$$$$$‘
$!$ 5SS SSSESEETT TS ST HHHHI LT3 $$$$

!
$=$3 ( ERRRRRRNII A SRR XN LR RN AR R AR AR AR A AN P SRR
$=$ > # " PESSLLLLEES $$$$$$$$$$$$$$$$$$$$$$$ b5
$=$! $$$$$$$$$$$$$$$$$$ S
$=%="* " $FSSSSSSLEES $$$$$$$$$$$$$$$$$$$$$$$

$=$5C o TESES  FFTEITTEIFTEISTEESEH$S: p

I$(c - ) ) (D ( PP PSP PSP PSPPI PSSP S P A P S PP S PP PP S PP S PP S PSS HY
#

=$ ) /?2-++/ FPPFFP P PSSP PSS S S P 5SS S RN RHRRP PSS PP PSSP P PSS PP PSS PP P S S B
$% &
I( ) ! *

5% c-+)y +> (D@ D/ + ?-L ) ? FEPPFPPPPFPPPPF PP PSS P P TR A A ERRP S PS5 5 ¢

1$? -+ +/*C2-2%(-)E?()+ PFEFPFPTPT PSSP PP S S S P T RS S S P P VNN

18332 #  SOSSESTESSTES I

TR

RN
PSP SSSEEHHY

1$3% T PPEPEEPEPEPS  PPEPEFEPPIEPPEEPERES b
1$3%! * BRSNS A AR SRR NN AR A NN AR A A S RS
- "
7% +)0+) (C CD? - )-2(+L (-?7%( PEPPFPPPFPPP ST PP PP P P S TR A R RP P P P
, 7$3%3 4 $$$$$$$$$$$$$$$$ NN
7$3% " $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$m‘m‘t‘m‘m $ -$$$$$$$$$$$$$
7$3%! * RERRNASRRAR AR AR AR AN A AR SRR NN AR A NN AR A A SRR SONRNRRS
, +
7$ $3 " SRR RN S AR RR SRR AN A A AN A S $ Qﬁ%$$$$$$$$$$
7$%3) 4 BRSNS PEPSPEST PSS
7$$ # "# RRRRRRARRANRANRANRRE NNV A AN NN NS RAN $$$$$$$$$$$$$$$$$$$$‘
7$ $! " - BRI AN $ESESSESS

7$1$3 RUBBRRRRERRERREARRS AR AN A AAAAAANAN N A
7$1$ * " SEETIIIIS SEEETTLTTTTSSSSSS S




‘&



$$






%&()

(

#

? $ 39998

/" #& 395

$ 39958
& # "o 3997
% .3

&

# $ C# (" ?
% L}

%

$39912$) 397
5% ( # "

.3 " $52
" $5: 2% <C+
3%

# $ <C+

$5

2%

$5 #

$)

%,

%,

#ll

#

33






$$

3!






&

$( Hit
C " & 39992

#% !"#3$

# " $?

, #

#P& &' I"#$
*o #

$( #

# $(

4 "

#

#

ll$ )
HH#

HH

%
% n
n % 1]

% " $.?

#

$.? & 399=8 C " & 39992

"
¢ "

( %
$( %

#
% # N

.C " & 39992$ (
& N

& N

$)

*$ C "

$ ##

#

-%w
LS R

$(

$.?

%

% n

% 1]

$(

& 399=8

& 399=8 C " & 39992

# #
& % " %
$ #
#
% #
% #
%  # $ (
%% ? N "
#
& n
mn $( n
# #
#

35



N " # $
.? & 399=8 C " & 39992%
||) &l'l!('l* !||#$
( % #& % "
# $ %"
"& #  $3% ( " "&
& "& " # "$(
" #$(
" Y " "
"& $ ( % " #
N # " & #
5 ( Y
# $( :
& " 5 (
N $.? & 399=8 C " & 39992
% “f Nuclei Mode Accumulallon\ / Coarse
Mode \\ ! Par;i(;:r
“““““ \ \ 5F /
/00 |
0 ’ / «r// <\.\ L I *i 0 L el //|/ \\
# $3 % " $ % " %
# $.C " 39992
!(l' +(#+ (!l' 1
? #" # #" "
B # # #3 (
# & > %
N #" $( $3 %
#3$.? & 399=8 C " & 39992
( $3 # # % > % N #
" $
/™ #6".:2 o, ) , 3 P3 P P! QP!
$3 $! 993! $!
$ 5% 9%1 5%
$5 $1 393! 1% 39%! $1
$3 $! =$= =$3 =%$1 =$3 =$= $!
$ $! $! 0%$1 $1 I $3 $1 0%1 $! $!
$5 =$1 13 33%3 37% 39% 37% 33$3 13 =$1
3% 33% $3 3 %7 3 $7 3!$5 3 %7 3 %7 $3 33%
$ $3 7%= $5 93! 935 9%! $5 7%= $3
5% 9% 5%= 5% 1% 1$ 1% 5% 5%= 9%
3% 15%= = = = =9$! = = = 1I5%=




S (1 $& & HHIHS

> " #
n $> n
& & N $3%
I ph
) /
A fzz $2
< > % & ( & * * & F
&" "&> "G # $ (
#
$( R 6S ' $ # &
& * « & # &
% $
& $?
" H& % $( # "
$.? & 399=8 C " & 3999 2
$ T
#" .2& $#$
" @ & N $!$) #
# " N #" #
# $.? & 399=8 C " & 39992
r -1
$= — =11 .$12
3h
< H | $
# # "$ #
T &U$ < # N
#  &@ ( "& N $=$(
" t$( #
N &" $ ( " #
# # $.? & 399=8 C " & 39992
r (-
1,.= .$=2
#$ 3 /7

37



? % T
! ! #

N $5% .? & 399=8 C " & 39992
1, =2 = 20
l ph
< # & #
&E N $1
#9$)
$.? & 399=8 C " & 39992
Szlﬁ:;
2 lph
l&(+
$1(.$"
?**&*" * & * % *
$ 3 3
* * H $$(
$(
& # % 35:

% $ (
# n
? 399=8 C " 39998 > 52%

**$ >

3!

&@ (
# & #
. $52
#$
#
.$12
* 2
"$7?
#
%$( * %
" #
$
2



28" % & " "8
(

% # > % # " &" "
33 1B ( %" v "$ (
# """ # " " "3 @%
mn n # mn & mn
? & # 9 ## #
' $( ' #
# #" " " $.? 399=8 C " 39998 > 52
H$! ?$.C " 3999 2
+ # #$ #
" " # '&
$
( #3 (
# # N $7 (

# N $$/0" 12

= 7 .$72

pl
4
D3 =3 — .$2
4
< B "B " & 3 " "
? &/ # ?2 " "@ # 2 "$) %
"4 # # "$? 72 % 5 3:

3 13 % g1 # %"
#$.? 399=8C " 39998 >  52%



? & # % & ?
" # " "
"$) % " "$ ?
? #
399=8 C " 39998 > 52% ?
# $=& " # ** f
" § *
H# %= 7 #
[ (. ((#C
< # % "
" # " 8
TR " "
"8 s
#$

#

**$(

%ll
% * x5 2

$ =& 2

#$.*
&

& # $5%(
" #

$ >

52



( # #

$)
#H&

#" " #

# " #$ (
& # " H#

" &

$ N  $9 "N  $3
# %$.? & 399=8 C " & 39992

>
4
sEo —
5 pi(
B!
g 4
$ _
=P

|
/5= L . g2
= 3
| =3-1,%2%
. =t—F
$
=% m®+ ¥7m 0%$9
= $39 '. -33%m2+ $957 '. -7 B2
p 4

'V$9

||||||

$$=9 (
$(

$3=% .7

. $92

.$32

N
& 399=8 C "&

. $332

.$32

. $312

. $3=2

. $352



& K % &J
$
‘&, #
, 0 |l(1 2l
( no " #
" oo " $(
2& # .
# & # $1$( " #
"o " &
# #H ' # $ (
$
#HO$1(
# #
$> # #
 $ ( #&
" " $.?
, (10"$% + 11 ($ $&+'(#.1(2
< " # "
R "$( &
# ' 8>
" @ 2 $5 "
35 "= " #

# ' & -@2

$.C " 39992
$(

=&

+

& 399=8 C " & 39992

$

$ .-

?

& 399=8



C " & 39992% ( @2 "
O )-@2 ' #
& # $7% 7
" " v
L@ 2& @*2& " L@*2 & ; @3
5 @A2% ( " $ ? 399=2%
# %7 # # "
$.? 399=2%
( $( # & $.?2  399=2
( @ (2 5
) )-@2 !
-@2 33
-@2 3
1
> # N 36
TS
( " 8 #H&
b $ C "
& # & # $$ <
# " # $ #
$( #
$ #9$)
# # $C "
$ & $5 : &"
& $( #
$; # $5: "
# # N & N # #
" #
" " " "
# 3: " " # !
$%: - " $) # " #
3 " # " #
= "3 $(
$(

# .C "&39992% ( %

-@2%

;@

%



# $( # % $
( " " # " #$ (
R " (U [ # "$.? & 399=2
(> " "3995 C - ( " -t # &
)*- 11%) " e &
# ( 2& ' ( & >>&
22& # $1%) "
R " $( " " &
# $( " R
#& " B $( #
& $)
$(
$+
# #
# N " $ ( %
)* # $3%
# S % e " )*- " # $
( "N X? # &( # X( # &N X " " X
" $
#33 82" " # " " # 4 $.)*- 2%
< # # # )*- " % " "
#3) # %9 # 1"
# % b # -C "$)
" # % $) %

% $( "



# s9 # e
% . 2" # 1. # 2%

vy (B #3&H#HM &+ (1M

( # " &
$? # ' #
# $( # & "o #
#3$ .C " 399923 ( #"
" " " # $? #
#$) # $)
8 #$( #
& " # $( # 4
$( # #
# $ > #
# $ ( #
#$. 2
, 10 33 "#3 & +#"1 &+ (I" '
<C+ " " " 3& 3
"4 $ <C+ 3 75 #
<C+ 2%
# % & $ ( #it
# 52% ? # &
# ' # # & # & 2%
" " H#HE& $ (
" . :
#$./0" 12% # #
" # #
$? # #" # & $=%$=%
(-) %

$!$3% ? # 1$3%



(.

& -C

$(

(&%)

$( #

31/
lph 4

A$ /0"
15,=

*$./0"

# &N
# N

lph 4

|7/#-_31

31"
=)

$("

$ 12(

$

1$3&

+ $5

72

$./0"

$?

?$ (

=YY

0"

$5

$ 12%(

g (

1$32



" " &
$(
$( "
.U $& 39 92
6 3. 1 +.1-12
< @ " &
@ !
? # @
# non
N 1$!$
6 =3 A1 -1 2+1
1 +.1 -1 2
N $ " N I$!
"o " N 1$=$
6 _ 1
6 T .1 -1 2+1 6
"N & N
6= 6T
1-1
I
$2
( =3A & 5A
tONTA & # =$3%.M

&
& ;T
1@2
), $7?
I$5% .U
#
& 3=

$ 39992

"% (

$& 39 92

1$2

1812

1$52



$.M
(
39A& #
399 2% *
#
N #
#
# .M
#H#
H#H
# &
>
* +*
&% -
( % "
2%
##
$(
& # =$%$7
# #

v # D$S$C
$ 39992
4 o
# M $
. 2
# "
$( " &
o E $ 2%( mo
N™ " $) #
"R " # $ <
# & "
$3998 M $ 18> $ 52% (
" " f &
# n
$./# $ 2%
" 35= $(
% # 1 "3 $( # @ ## #
' Hit " $
# " & "
> $ 52%
# A # $
"& # =$3 (
M $ 399 2%
& &
& # #
" H

> $ 58/# $ 2%



& $ > $ 52
( " " #$ " #
"0 " " M $ 39992% ) " #
" # " " M $ 399 8 39998
> $ 52%
&' )
( - # " "
. $ 78< # $ 39972% ) " $M "E$S -
72 " $ (
# " 37 * o 37 "5 *$( #
# " 3 *& " 5A&
& # =$I$ ( "
$ ( " "
72%
(1 (
# =3I C# # . 2" # Lo 2%

( # =3%= " I$1$. 72



#
$( " ##
# ##
" 34 =
53 "3 & #
## $ " # #
# & # =%=
2 2
#=$= # " Z53%5 &7 "3
# " # 3< "& ot # - o
O #CE< # $399 72%
“H S |
* *+ 2 %
$*+ v
728 $ 8/ 12
$ ( !
' #
& "
! #
# $( ?
$?
$
#$ ? #
& # ' $ (
$(
#& #
$ ./ 12% + #
*t # *t
* $ 2% (
*+ & N ?2(#" ?
#" ( T2& >(#"

#Hi
$.39972
# -C$ (
#
# #
9A
# 3< "$)
R
< # $39972%
# -C $ 2
$2 # " #&
#
8 &
$(
#$ ?
# 8 +
$ *+
+
$(
0% "
*+
&
" .
# # 5 .,7%
a o
" #
( T2& -
> T2 "



/'$

I# 2% (
%+ & 5 $3%
( 5$3 x4 #" &72& -&>( "U+
, @ 3 A
2(6- .2(6- SO (& U+#/ .U " 7
=2 =2 2
36,@* O $7 ; @ 36;,@*0 $7 | ; @ :6;,@* O $7
X v
I X 59 5 X 79
0! I X =8
@ Q! O!
# # "
# =  $? # 35,! $
# , "o #
# " # $7? " x4
n * n n n $( #
#H& # $> #
x4 = "3A./" # =2%







$$$






% &

/&% +
HH# % S ("H$
n " # "$ 2" # @ (= U[& :$ /&
" & 39912 ' " # # &
i "ogpn ( o+ 2 & M3 "
3 2% ( " )
n |I$ ’) # 1$3$ (
" " meow &
Tt v 1838
4 # # $(
1 =1
#1$3 " # $

4¢ ("B 1+ $&H(H & (

¥ "3 (
) "% ( )
# 2 # " % $(
# % " # 2v # U ('
" " . " (o
* n " ) $(
" $) % "6 "o
" % $? # %
# 2 # %
$ # #
# $
" &! &7 &3 "35 no
#$( n 1 " 3 6 $
"#$'
# # " #
" % & $ES( "
1 36
# " &N $9 " $3%



*Q "

( # % " "H
3 " # % " g
n 31 n n
& # 1%$%
H#O1$ # % & #
( "# &"
# % " %
* ' # % " A
5 2 " g 5A
" OH& #  19!$
(HO1$! #
+ 1 n
n 5 $( n
# # ) "
# # ?& " " 1$3% $

n

# -C$<

" & n
#$
1$3%
#
2 non
#

#$



CHO1$= $

# Z5 *$; #
< # =5 *& " #
#& .5 2 "

% =A % # |

"# # 1$53( "% #
" # 1$5%
(#HO1%$5 " " =5 * " %
e " H## =5 * #$ "&

"$
( 1 " 3= ! "
R "7 ' " H& # 1$1$
( & 5 "7 :# ' "H
Lot o ! $( #"
S " 0% " "
"$



J#1$1

18( #

% n

1$$ >

#$; "

=$'$ (

% n

$(

% "

=$!$ >

)&
?$ (
%



0&% +
B I
( # & 3 , "3
"ok oy & *+ $) # S
5 # 7 | $+
4 & 4 & #
#&  "'?$1$( # 4 I "=5
Lt 59 "7 178 (1 4
" # 7$3$( # " "o
- T 4 "% (4 *+
" "H + & @ 3 B #
" 6 " # =$
( 7$3 4 " # & ]
c .z92 *+ 732
% .2 13$1] $= 11$]1$
I # .2 37 $19%= 373$5] $9
;@5 ° 39$13$3 1]35%$3
.@* 33 $1133% $7]137$9
@* 39$]13 %7 9$]31$3
@A 1$1=$3 5$17$!
N, %2 3$1$1 3 $9]'$9
Q.2 $1] 9= $3]$7
3 T
4+# (14 & +H# & (
( " ! - ) &"
1$( 4 ' # #
#oo# $
4 & "t #
"HS ! 4 #
N "o $ #
||$(
' #$?
35 s #
Lo # 9 $°?
36 %
"4
(-) # % " o $(
" " " 4 #N 7$3%
6 . 2=3- =~ 2 7$32
- .2
< * L $ (
"& &
$3 " & $$(



13 '$( moon 4
" # $(
S #
N 7% # # N
& ; n& # N
6 . 2= ! x 3- S 2
1-1 - . 23-6,. 2
(" & $ (
% 11}
4 & N 73!$ (
& # =$$( % %" #
" "8 #
% n n
3 #6 '$? % %" # ,
& 62= (. 2x ) X X6 .
(62= L& 62.2¢%. 2
( "0 " o4g 1$ "
# 7$38( % "
17 * 131 ( C %
=5 *§ 2 now
7$38& %
"% $>
# " # #
" % "%
#O7$3 % $
1%
< # " # ooy,
>+ &2 E "$ ( #
# $( # "

" & N

2

%

g ("

%

"

%

$)

# 88 *
% 4

7$3 "

N

7$

$

1$5$ (

7$2

%

7$12
T7$=2

"$ (



" " # 2
3 "13 2" , # 5 "
= 2%
( ! 1 (1
" *y ] $ (
#, # , "3
0&'
+#" & 3( I"#$ $& &#H'
(« " "H# " L H $52
# 4 # 4 x4 & # T$S( "
# "# # %
# "7 . # $5,%$52 " "
# # ' # #
# $
H TS ? # %, 4 . #£ 2" 4 *+
N 2& 95A$)" " # "
"H# # 3
( " "t # # $15]%7 4
4 " $=1%$= 4 *+ $ < 3 #6 !
"t # # 31$ #6 # " 31%1 #6 #
*+ $; # # 33%5: #6 " 3=$! :#6
*+ & 78" 7$=%
( 73! ( "3 #6
"HH# & 4 " # # $ 4 33 " 4 33,
*+ & #oO"# "%
# & +#" & 3( 1"#$ +#" & &#' 60 7"3 88 9%6. :
*5 | *( 3 /" x( 3 / "79%:
74 8 : 7..
C 3 $1= $'9 $! =1% 59 313
$19 $= $! 5=%7 177 37%1
! $5 $! $ '$ =37 3%$9
= $71 $=5 $!3 193! =5 33%3
5 $5 $9 $ 1787 19 9%
7 $17 $1= $= 1$5 1=1 $7
$7 == $n =5% 51 35%=
9 $1 $! $! 17$7 =31 3%
3 $51 $! $35 ==%$9 = 9%$3
(% 8 <88 8 <88 8 <88 , < < <,




*+ 33 $1= $1 $ =5%9 55= 35%3
3 $5= $! $7 1$5 535 3=%$5
3! $5! $!3 $1 533! 11 3%1
= $1 $17 $! =1%$5 59= 31%=
35 $51 $! $1 '$ 171 3%3
31 $13 $19 $!3 5%7 79! 3%9
37 $57 $!5 $! = == 35%5
3 $5 $7 $3 1$3 77= 3%
39 $1! $! $! =9% 117 37%1
$5! $ $3 51 5 35%!
(% 8 <88 8 <88, 8 <88, <8 8 < <,
( 7%= ( " 3 #6
# "# & 4 # # $ 4 33
4 33, # 0" "2 $
# & +#" & 3( "#$ +H#"l & &#'60 7"3 88  9%6. :
*5 1 H( 3 /" F( 3 1 "79%:
748 7.
C 3 $5! $19 $!3 379! 5 37%1
$53 $15 $1 35%! =71 3181
! $!= $ $3= 3%3 7 7%
= $59 $= $!13 37%7 51 31%$3
5 $! $= $3 9% 1= 7%=
7 $53 $! = 9%$3 11 7$=
$5! $19 $!13 3=%! = 3=%$7
9 $=7 $! $5 3% I 33%3
3 $! $ $35 39! 9 $
(% 8,<8 8 8 <88 8 ,<88 <, < , <,
*+ 33 $! $1 $3 33! 11 9%1
3 $11 $1 $3 3% I= 3%=
3! $=3 $!= $! 3% 553 37%
3= $=5 $!I= $ 33! =11 3=%$3
35 $=5 $!! $7 39! I5= 3%
31 $= $! $1 31% 13 39%3
37 $19 $9 = 33%9 =3 3%9
3 $I= $5 $3 39% 119 $!
39 $=7 $l= $ 3=% =79 3=%=
$15 $= $ 31$7 =19 3'$
(% 8,8<8 8§, 8 8<88, 8 <88, <8 , < , <
$! (I *5 ! ; (Il *n" Il!2
( # " " 4 & # T " # T$=9$ (
" " # "R&
4 4 *+ & # 5%!$ T
$91 " $19 # *+ & #
# $3 %) " 4 T
$53 " # $3 9



2
2 "2
H#OTS % R 4 " #& 2C
*&" 2C & 2%+ & $
JHOTS= (0" &" $ $( # "N O+ $

#
# & 7$5% ;

HETHS S (1S W 10"$% + 11 ($ $& $% + "12

#
#

NS # "8
@ @ s@s(" v v
" # ! 7$5& " ">$

#



( 7$5

6"
$
)"
(" $1 I $5 5™ $=5 $!13
> # , $79=n $7 , $5=3» $1
N
, $155 $715"M , $19= $731\
;@ 3 $137™ ,$5 $=! $357
@* $5 7\ $313 $=33 ==
@* $=77 $=9 $97 $3=3
; @ $51 1 , $=1=A $! $=971
; @ 6@* $1 M , $193 $== , $==7
; @ 36;@* $5577 , $=79" $l1= $5 3
N * # $ 5
NN\ % # $ 3
) # 7%5 $;,@ 3 4 " H# $(
@ v Ty 83 #
# "OHS) # "
$
# T$5 " $ @ 3 # "N+ $) #
"# #3
H O T7$1 " $ & # " N + $ ) #
"H # 3

+#"1 & 3( I"'#S  #(&"$% 1# 10 H&
< # 4 *+
" H >*-, " & 4

% ! 4 & # T$IS( "




a e )

#
HOTS7 7" #" " % " " #
" # o+ N $+ #" % "t
- " & # . # 2" # *+ N 2%)"

#$
) # 7% "
" $(C " - )
$3 # momn $: # *

e ! #
# meoow # " % $
# 7% momon gk 20 gy
#& # , "N *+$
0&( #
+#|II!II#$
( % non & %
" $2 " 3$1$1&
" " % $
3 " # 5

# $) % # "

i ' "$
( #

# &" $(
# # #&



& # 1$9%
# $> # 7%&
# R
$(
4 # "#OO#
$
( 4
>, o
" "oy "
Jo" & 728 < #
" # 4 $(
4 'k+ " " )*_
" # e w i
#( # "
I "7 $( % Y-
& # $%(
+&" " 5& #
# 4 *+
" 4 * 4
4 $( " #
4 *+ $ ( "
+ & 5% ?
#& " # #
#$
? # " &
$( # # #
# $* '
/0" " # "IN
4 "
# # #
# # #
" 4 M 52
# 13]= 2 4 $( " # # "
# %)
# #
$? #
"HoTT N 8.2
*
( #
"& 7$ %
# & 4 ' 4 *t &
( R
# $> #
#0 s " # o
4 # $7? # " *p
# " 4 #



H+ ("HSL1MO (" (1&"

ll$(

#&

+
119A$ (
( non
non $( % n
*2 35 $( " %
" $ ( % "
#
#
& # T7$9&
5 " 3!
# nn
"# A " #
# # %
VH#7$9 " 3= 4
) 4
# ) " "
' "8

52% ?
( /"* 2
"&
" #
"#
& =$ &
"$( %
#
% !'= &
$
52
#& # #
& # T7$3&



y# o T7$3 " &7 "3 A

" " 4 oy
$) " [ $> $. 2%
Joun o2 "3 4 *+
*+ e # & 212"

4 " $ (
# # "
# & # 7%$33%
(# 7$33 " '@ 3
4 7z " "8 Z
> $ 2
(4 :
$, ;
4 $( " " " #
4 "& # 7$33%<

4
# [ $> & 7%1

"9

-

4 $( 4

#o.Z72% #



4 $(
$
( 7$1 4 " # 4 > $
*q
C ? >
J&12 T&!'2 b5& 2 . &32
& 51133 1311%9 1 17%5 1=15%
@ 4 3=]31 5= 1% 13! 1319%
@ 6,@*& 79 1'$3 ==1]3! 513 9]1%=
[ $>
;@ 3 *+ # $ ) # 4 4
e s $> i
"$
) $.3992&" #
= 5 4 #& | 4 #
4 3 " # 4
4 % #&
$( "
4 ?" & # T7$3%
J#73$3 &+ 4 4
4 4 $.? $3992
+ " % " 4 "
" ?" $"" 8 # @
3" # N 3 6 %
+ 2" $ "
> $" ! "$) !
! # $
) $_" :
4 *+ . Z312 " 4 . 2332%8( 4
" $ > $ " nn



4 "4

ll%

n%u

*+

#$

% #
"2& #H " #
$( #
"$ ?
*+
$
$3 # wow
) $
4 " 4
4 $?
&
#
# 4 "$
II$<
# mn n
# *+ &
#
" #
4
)



? $3%& $& * <$;$& > -$[$& M $$&> <3/ "L #[$_$

3999% / #, " "

9 ! 3598171, $
? - "&>#" &U" " ?2" &C (O & > #
# > # $399=% " ( cox " +?

2" [& < # [$ "C * :$399% - &973335, %
?(6-%$ =% $ ( ( ( - D8

( & - $
> 2 " < M $ 5% ; ; # 8

! $[ < ° &) $
> < $&E M /$&M * # " [ $ 3997%
x4 # $5 #7 (! &93,3=%
> [ $&E M /$ "> < $ %
I ) ( $ * v #

> #&D * * C &* C & *
> C$ 5% % " #

< $ 11 91,91
* %% & *"&C 7% $ : ! !

& ) ! = >+ & $+ ! @-:
D" =.,5
P<P&  *P?B&_ _$P& # [$P&< [$CH&; $3$& ;o >%US " % $S

3991$ ? , " 1D " $ A 2(

< $19375!,3759%
U [$&$ , " rE&SH#E P " <$$ 399% +

$ < $ & $& $& $3=33=7&
U+/ & 7& U * 4 | # & & (!
( : ) & ) ! $
~@))+ %
C" < *$$ 3999% I (5 P& ) &
$ $[ < " &) 3999%
)*-$3995% '+ | # + 5+ & " $)*-
11%$) * -t # $+ " $
[N 2% "M *#3$ $ #" "
"% 5 #7 (. 3 735,7!3%
M*#$ [N 2§ 58( #" "4
"# " #$ 5 #7 (. 3717,199%
M [ $& < ?7%& N <  *$&/ M &M #; US&/# - &
#L 4&( Uu# [$ "* # $$ 13 "
" oy
$ 1711, 7
M ">$399% # " $ < $ $@ $ 9%
5618 5755 $
M ">$&7? " # "< < '$ 3999% +)
( $D
M &< <$$ [ [$$ 1$ +
, 3 "# $ < $ 17 931,91
/ M4 $ 1$ B:B /& /) (9/ $;0 " & $
/| L #M #&+ L , &/ [,C &M M #&/ [ C & M #H&
$

% $ <

[ > "/ #$ $B ? & ? # o
2 ( # * "(# ( 31357,315

53



I# [? & @ [ $ " " 8E 8

# # % " " $<
( &@ 5 $
/" # 7?2 % =% - & ) ! =>@ ) ;5
(6 +/6 # & ) ( A $
$ # 15 $D abD o & 97
n" [ $ 1% ' !
$ /"D $
n" [ & # [ & &E [# &M % & #2"
""" % 1%$7? "o " "
$ < $ 17 335 ,331!
n" [ & #?2" & # [ & & @ "/ $
% %, " - ( X "D c" "
C# ? #- "' % 5 #7 (! & 39 39,331%
n" [ & # [ &> * & & #?2" &- [ &
> #?2" & > #" " t0 (% % >
* ? c - ($ 5 #7 (' 9191$
$M$ "- E$ 33 7% ( "
' ? @ "C#
D # @ % "C " (" ? %$
2) $ # =37!9,713=
/" &C < &C " & * " H# M $
5% " " $
< $ 11 919,957
*$728& ( B[P& "$%& $<$& [$%& % $$ "C  *$<
3995% " " D" $
9 + ! $353119,17=%
@ " " M$ $ &( & $> # & D &
3 * -"& $
(' =8598 7,!$ # #*+3( '+ $ 'S 4% 3
+ $
< # $& > C$ "> # D$3997$C#
$ 2) @ $'3& $35& 133,!7%
<C+$ $( " -t H# & # $U < "
C +# % $
<C+$ 5%$<C+? N # " & % & # "'" "
"ty " $U < "C + # % $
<C+$ $ <C+ ; ? N " $ " 3, 3=$

6 $$6" 6 61366"S



http://www.who.int/mediacentre/factsheets/fs313/en/index.html

5!






55



51



4 3
57395
6;
6C C
I # .2 37=
*
)ll
? # ? #
)n *
(@ .2 $1 $15
,N. "2 [3=%5 3=$=
6 $9 93%!5
: $1= $5!
.H6 2 1$ 37%1
# 7%3

;@3 "

,@*
,@*
@*
@*
, @

$N

. @ 6@*

1$9
9
=$9
91
5% =
77
$77

X &

#

Xll

57



4
33,3,39=
6;
6C C
| # .2 37
N
*
)ll
? # ? #
)" *
(@ .2 3%! 3%7
" N. 3 7$=5 $5
6 0% $15
; $19 $53
. #6 2 7$1 3I$1
# ?%

; @ 3 5%!3

@3 N 337

@* 1$35

@* 335

@* 1%$9

@ 33

, @ =

;@ 6@* $=
$N X &

#

xll



4 !
7,9,391!
6;
6C C
I # .2 37=
)ll
? # ? #
)" *
@.2 $1 $7=
N 3 31$=5 33%7
6 $5 $15
: 55 $=
#6 2 3$9 1%
H# 29!

$N

X &

#

xll

59



4 =
1, ,3979
6;
6C C
| # .2 3!
)ll
? # ? #
)n *
(@.2 3397 331
N, %2 5$7 53!
6 333 $1
; $71 $59
. #6 2 33%3 3133
(H?%=

, @3 * 35

‘@* 1$7

,@* 3=

@* 5%$9

@* 3

, @ =

C @ 6@ $97
$N X &

#

xll



, @3 N 33!
4 5 @* =
,3,3975 ,@* 39
6; ; @* =$=
6C C @* 33!
[ # .2 37 @ 5%5
;@ 6@ $1
)"
?# ? #
)" *
(@.2 $3 $1!
N, %2 9$95 33$35
6 $5 T
; $5 $!
#6 2 9% 1%=

# ?%5 ! $N X & # X"



%

4 1
1, 3,3979
6;
6C C
| # .2 31
)
? # #
)n *
(@ .2 $75 $9
- N. 3 =$!5 =$55
6 33$ 5 3%$=
; 5! $73
#6 2 s $=
H# 7%

, @ 3 =$7

, @3 * 33

@* 5871

,@* 33

@* 551

@ 91

, @

, @ 6@* 3!
$N X &

#

xll



4 7
3, ,39
6; ;
6C C
| # .2 31
)ll
? # ? #
)" *
@.2 $9 $
- N. 3 1$5 5%$9
6 1 5$3
; $17 $53
. H#6 2 7 7%=
H#H ?%7

;@ 3 1$=!

@3 ~ 333

@* 1$9

@* 33

@* 1$ 3

@ 37

, @ $

, @ 6@* $9
$N X &

#

xll

1!



4
= 09,3973
6C c
[ # .2 31
)ll
2 # 2 #
)" *
@ .2 3$3= $99
- N. 3 1$9 7$95
6 7% 7%
; 57 $5!
#6 2 35%= B3=$7
#?%

;@ 3
;@3 "
,@*
,@*
@*

@

, @

, @ 6@*

$N

1$3
33
1$ =
33
1$ !
331
$!
$3

X &

#

xll



4 9
3!, 7,3915
6; ;
6C C
| # .2 355
)ll
? # ? #
)" *
(@.2 $5 $5
- N. 3 35%$ 5 3=%=
6 7$=5 7%=
; $1 $=7
 #62 3% 8%$3
‘#2799

;@ 3
;@3 "
,@*
,@*
@*
@*

' @ 6@

$N

93

$
99

$7

$7

X &

#

xll

15



4 3
5,9,39 =
6; ;
6C C
[ # .2 37=
*
)ll
? # ? #
)n *
(@ . 2 $1 $17
N, %2 3=%= 3!$1
6 0% 9$35
; $51 $!
.H6 2 $3 $
H# ?2$3

11

$N

3
5%1
35
5%$=9
39

X &

#

Xll



4 33
3, =,39!7
6;
6C
| # .2 373
*
)ll
2 # ?
)" *
(@ .2 $7! $
- N. 3 3$35 $
6 $5 7$75
; $1= $!
 #6 2 35%3 D$1
‘#  ?%$33

$N

X &

#

Xll

17



4 3
1,33,39=5
6; ;
6C
| # .2 31
*
)ll
? # ? #
)" *
(@.2 $1= $51
N, %2 31$7 3=$=5
6 $ $5
; $5= $1
. #6 2 =$5 B $=
H# ?%3

$N

X &

#

Xll



4 3!
13, 3,39!
6;
6C
| # .2 37
*
)ll
2 # 2 #
)" *
(@ .2 $1 $53
" N. 3 37$55 39%$ 5
6 33$95 9%
; $5! $=3
 #6 2 3/$1 37%
C# o ?2%3!

$N

3%

$17

X &

#

Xll

19



4 3=
3=, 7,39=
6;
6C
| # .2 375
*
)ll
? # ? #
)" *
(@.2 $1= $7=
" N. 3 3=%$5 33%$55
6 0% $5
; 51 $=5
. H#6 2 31%$= 3=$3
‘H# ?$3=

$N

3%9

X &

#

Xll



4 35
. ,39=9
6;
6C
| # .2 359
)ll
? # ? #
)" *
(@.2 $=7 $5=
- N. 3 31$9 3%$5
6 1$55 1$15
; $51 $=5
CH6 2 $3 3%
‘#  ?$35

;@ 3

;@3 "
,@*

,@*
@*
@*
, @

$ N

' @ 6@

3%
55

$3
71

3!

5!

$5!

X & # X"

73



%

;@ 3 =
;@3 N 77
4 31 @* =$7
7, ,39= @* 99
6; @* =$1
6C @* 3
[ # .2 371 @ 51
, @ ;6@*  $5!
)ll
? # ? #
)" *
(@.2 3%$35 $9
N, %2 39! 3$5
6 33% 38$5
; $13 =
.H6 2 3%9 39%$3
(# ?2$31 " $N X & # X"



4 37
. ,39=5
6;
6C
| # .2 315
)ll
? # ? #
)" *
(@ .2 $13 $51
- N. 3 3=%$5 31
6 $7 $9
; 557 $!9
 #62 35%5 3 $9
CH# ?$37

$ N

X & # X"

7!



;@ 3 3%$3
;@3 N 55
4 3 @* 1$17
, 1,391 ;@* 71%$5
6; @* =
6C @* 9
| # .2 37 - @ |
;@ 6@*  $=!
)ll
?2 # ? #
)" *
(@ .2 3%$3 $9!
" N. 3 31%$15 37%$5
6 31$75 31$5
; $5 $l=
 #6 2 3% $!
“# ?2$3 " $N X & # X"



4 39
= ’39:
6,
6C
| # .2 37
*
)ll
2 # 2 #
)" *
(@ .2 3% 3% !
" N. 3 7$5 7$5
6 0$1 $15
; 51! $=7
 #6 2 7$1 3=%=
# ?%

, @
, @
,@*
,@*
@*
@*
, @

3
3 N

. @ 6@*

$N

$3
73
1$=7
9

9
55%$ 5
$55

X &

#

Xll

75



4
3,!1,39==
6;
6C

[ # .2 3

*

)l'

?# ? #
)" *

(@.2 $9= 3%

" N. 3 31$3 9%=
6 3$5 B83%$35
; $5! $15

.H6 2 53! 3!$

H?$

71

$N

X &

#

Xll



77



12



79



4 >$3$3 " $(" #oo No3)
" "H #S
# >$3$ C 8 & #oo" )
" "# #$
( >%$3
$1 1M $=5
$ — AN $1!=
; *+ $ 7 ) $ 33
$5 5AA $13
$77 7 $=77
vy $17 1 $1=
AN * # $3 $
Ax # $5 $




N*

# >$$3 $> # N $ C . # "MN Sy o#
S #$
# >$$ " %> # N & , # "+ N $)"
"H "# #$
( >%
) (
, $79=/\/\ , $5:3’\
: , $77=" , $51=
skt $7 , $=3
, $7 $1
, $=51 ,$3 =
ot $! $=7
AN * $3 $

$5 $




4 >$38 "8 C oL o# RN $) %
o #s
4 588 7S o N $)
T ws
( >%
, $!55 , $19=
: $77 , 33=
; , $5 , $519
$715M $731M
$1977 $=9
* 4 $7 3™ $ 15/
AN * # $3

Nk # $5

$




| N
(# >$=%3 $,@ 3$C # " N 8 #
"# # 3
H# >$=$ , @ & LN ST #
"# #$
( >%$=
)" (
$137/\ $=!
: Plx= $3
- xg $! , $17
,$5 , 3357
$118 $9
*4 $519 $ |
AN % # $3 $
Nk $ 5 $




"1 ( , JH#
‘# >$5%3 $.:@*$ "sr N $) "
L #$
;# >$5% $,@*& # "*+ N $)"
" #$
( >%$5
)" (
$5 7/ $=33
; $19 $1s
Ry $303 , $87
$313 —
YA $=31
* $715™M $51
NN\ * # $ 3 $
Nk # $ 5 $




i( I#
; # >$1$3 $ @*$ C , # "k , N $ )n n
"# #3
; # >$1$ $ @*& # "k , N $ )u
" # #9$
(>%1
) (
$=7" 597
; $ $339
s $3/5 $319
$=9 $3=3
*+ $ 5™ $1 N
Nk # $ 5 $




"1 , ( ( o(a,./

(# >$7$3 " $:@ $ c , # "< N $)" #
Tt #$
# >$T$ ts@ &, # "N $) " #
T % #$
( >%$7 $
)" (
$51 ~ B!
; $ , $11
Ty $!1D $59
, B=1=" |$=97"
S 1L , $593
* ,$19 , $55=
AN * # $3 $
N* # $5 $



)1 y 214
# >$$3 $,@ H@*$C , # "+ N $) "
T H #S
H# O >8$ $ ;@ H@*& , # " ,N $)" "
R #3
( >% $
)" (
51 A $==3
Dkt $! $1
, $193  $==7
.$ B , $31x
*t , $131 , $551
AN * $3 $
N*x $5 $




*1( ./ 2.1#
# >$3$3 $;,@ H/6,@*$C , # "*+ N $) "
T # #S$
# >$$ $,@ 6,@*& , # "+ N $) "
" "H# #$
(. >% $
)" (
$5571 $!1=
, $7 =1
Rt $538 3!
, =797 ,|$5 37
$13= , $1 70
*+ ) $! 1$55:
AN * # $ 3 $

Nk

# $5 $




	Respiratory tract deposition of diesel engine EXHAUST Particles –
	Comparison between healthy subjects and subjects with COPD
	Agneta Bengtsson
	Abstract
	Abbreviations and symbols

	Part I Introduction
	1. Introduction
	1.2 Aim
	1.3 Limitations


	Part II Theory
	2. Aerosol science
	2.1 Growth and formation processes
	2.1.1 Nucleation
	2.1.2 Coagulation
	2.1.3 Condensation

	2.2 Properties
	2.2.1 Particle size
	2.2.2 Size distribution
	2.2.3 Electrical properties
	2.2.4 Kinetic properties and deposition
	Diffusion
	Inertia and impaction
	Settling
	Electrostatic velocity


	2.3 Measurement of particle concentration
	2.3.1 Instruments
	CPC
	DMA
	SMPS

	2.3.2 Measurement errors
	Sampling from still air
	Transport losses


	2.4 Deposition in the human respiratory tract
	2.4.1 The airways
	2.4.2 Breathing patterns and spirometry
	2.4.3 Deposition
	Deposition models (the ICRP model)

	2.4.4 Clearance of deposited particles
	2.4.5 Health effects of deposited particles


	3. The RESPI instrument
	3.1 Losses in the instrument
	3.2 The effects of the instrumental dead space

	4. Diesel aerosol
	4.1 Size distribution
	4.2 Hygroscopic properties and volatility

	5. Chronic Obstructive Pulmonary Disease

	Part III The study
	6. Aerosol characterization
	6.1 Method
	6.1 1 Aerosol generation
	6.1.2 Experimental setup and procedure
	6.1.3 Calculations

	6.2 Result
	6.3 Discussion and conclusion

	7. Deposition in the human respiratory tract
	7.1 Method
	7.1.1 Subjects
	7.1.2 Exposure setup and procedure
	7.1.3 Calculations

	7.2 Result
	7.2.1 Deposited fraction and dose
	7.2.1 Intersubject variability
	7.2.2 Deposition in relation to breathing patterns and lung capacity
	7.2.3 Deposited fraction according to the ICRP model

	7.3 Discussion
	7.3.1 Deposition
	7.3.2 Comparison with earlier studies

	7.4 Conclusion


	References
	Appendix A
	A.1.
	A.5
	A.10
	A.11
	A.12
	A.13
	A.18
	A.19
	A.20


