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########(Refer Slide Time 00:00)#Indian Institute of Technology Kanpur(Refer Slide 
Time 00:03)#National Programme on Technology Enhanced Learning (NPTEL)(Refer Slide 
Time 00:06)#Course Title Electromagnetic Waves in Guided and Wireless (Refer Slide 
Time 00:08)#Lecture - 29Further discussion on Magnetic Vector Potential and
Elementary Hertzian Dipole(Refer Slide Time 00:11)#byDr. K Pradeep KumarDepartment 
Of Electrical EngineeringIIT KanpurHello and welcome to NPTEL MOOC on 
Electromagnetic Waves in Guided and Wireless Media. We will continue the discussion
of magnetic vector potential because that as you will see is the key for evaluating
the fields of an antenna. So what we have already seen is that we have an equation,
which is, you know, kind of a wave equation, but with a source term for both the 
electric scalar potential as well as for the magnetic vector potential in the time 
varying scenario, right? So if you recall what was that equation, we had this 
###############################"2#A#,# #r#i#g#h#t#,# #w#h#i#c#h# #w#a#s#,# #y#o#u# 
#k#n#o#w#,# #v#e#r#y# #s#i#m#i#l#a#r# #t#o# #w#h#a#t# #y#o#u# #h#a#d# #i#n# #t#h#e#
#c#a#s#e# #o#f# #a# #w#a#v#e# #e#q#u#a#t#i#o#n# #f#o#r# #t#h#e# #e#l#e#c#t#r#i#c# 
#f#i#e#l#d#,# #b#u#t# #n#o#w# #f#o#r# #t#h#i#s# #c#a#s#e# #y#o#u# #h#a#v#e# ##"2#A#
#+# #k#0#2#A#.# #T#h#i#s# #i#s# #i#n# #t#h#e# #f#r#e#q#u#e#n#c#y# #d#o#m#a#i#n#,# 
#r#i#g#h#t#?# #S#o# #i#n# #t#h#e# #t#i#m#e# #d#o#m#a#i#n#,# #o#f# #c#o#u#r#s#e#,# 
#t#h#i#s# #k#0#2#A# #a#c#t#u#a#l#l#y# #c#o#m#e#s# #a#b#o#u#t# #b#y# #h#a#v#i#n#g# 
#t#h#i#s# # #0# #0# #d#e#l#2# #A#/#d#e#l# #t#2#.# #S#o# #w#h#e#n# #y#o#u# #t#a#k#e#� �
#t#h#i#s# #o#n#e# #i#n#t#o# #t#h#e# #f#r#e#q#u#e#n#c#y# #d#o#m#a#i#n# #n#o#r# 
#r#a#t#h#e#r# #t#h#e#r#e# #w#i#l#l# #b#e# #a# #m#i#n#u#s# #s#i#g#n# #h#e#r#e#,# 
#s#o# #w#h#e#n# #y#o#u# #t#a#k#e# #t#h#i#s# #i#n#t#o# #t#h#e# #f#r#e#q#u#e#n#c#y# 
#d#o#m#a#i#n#,# #y#o#u#'#r#e# #g#o#i#n#g# #t#o# #g#e#t# # #2# #0# #0#,# #w#h#i#c#h#� � �
#w#e# #h#a#v#e# #l#a#b#e#l#l#e#d# #i#t# #a#s# #k#0#2#.# #O#k#a#y#.# (Refer Slide 
Time 01:28)#So this part of the equation is quite familiar to you. This was the 
same equation that was, you know, satisfied by the electric field component or the 
magnetic field component in general. So if the right-hand side was actually equal 
to 0, then we call that equation as a Helmholtz equation and in fact we use that 
Helmholtz equation to study the electric fields and magnetic fields of guided 
structures as well as for other structures. In contrast to that, now what we have 
is this# #t#e#r#m# #w#h#i#c#h# #s#a#y#s# #-# #0#J#.# #P#l#e#a#s#e# #n#o#t#e# �
#t#h#a#t# #w#e# #a#r#e# #d#e#a#l#i#n#g# #w#i#t#h# #t#i#m#e# #v#a#r#y#i#n#g# 
#s#c#e#n#a#r#i#o#.# #O#f# #c#o#u#r#s#e#,# #b#e#c#a#u#s#e# #I#'#m# #d#e#a#l#i#n#g# 
#w#i#t#h# #t#h#e# #f#r#e#q#u#e#n#c#y# #d#o#m#a#i#n#,# #I# #h#a#v#e# 
#e#s#s#e#n#t#i#a#l#l#y# #a#s#s#u#m#e#d# #t#h#a#t# #t#h#e# #t#i#m#e# 
#d#e#p#e#n#d#e#n#c#e# #o#f# #e#v#e#r#y# #q#u#a#n#t#i#t#y# #t#h#a#t# #i#s# 
#t#h#e#r#e# #w#h#e#t#h#e#r# #i#t# #i#s# #t#h#e# #J# #f#i#e#l#d# #o#r# #t#h#e# #A# 
#f#i#e#l#d#,# #b#o#t#h# #w#i#l#l# #b#e# #s#i#n#u#s#o#i#d#a#l# #a#t# #t#h#e# 
#f#r#e#q#u#e#n#c#y# # #.# #O#k#a#y#.# ###S#o# #t#h#i#s# #t#e#r#m# #i#s# #w#h#a#t# �
#I# #h#a#v#e# #c#a#l#l#e#d# #a#s# #s#o#u#r#c#e# #t#e#r#m# #a#n#d# #i#n# #t#h#e# 
#a#b#s#e#n#c#e# #o#f# #s#o#u#r#c#e# #t#e#r#m#,# #w#e# #k#n#o#w# #h#o#w# #t#h#e# 
#s#o#l#u#t#i#o#n# #o#f# #t#h#i#s# #e#q#u#a#t#i#o#n# #w#o#u#l#d# #l#o#o#k# 
#l#i#k#e#,# #t#h#a#t# #w#o#u#l#d# #e#s#s#e#n#t#i#a#l#l#y# #b#e# #d#e#p#e#n#d#i#n#g#
#o#n# #t#h#e# #c#o#o#r#d#inate system. A would be the plane type of a solution, 
plane wave type solution or it could be a cylindrical solution or a spherical wave.
So it would essentially be that. Okay. (Refer Slide Time 02:36)#And because this is
the problem of antennas, we are not really interested in dealing with guided 
structures. We are, in fact, we want to deal with unguided structures or wireless 
media that is there is no connection, physical connection between two points where 
we're considering these type of fields. Of course, if there was such a connection, 
it would have been a guided structure, but antennas are supposed to radiate into 



free space or into the air medium or even in between planets the waves are supposed
to be travelling. So in that case, there are no guiding structures. Everything is 
what is called as radiative structures. Everything is just basically radiation. 
Okay. And clearly, this minus 
###################################################################################
############################ #0#J# #t#h#a#t# #w#e# #h#a#v#e# #i#n#c#l#u#d#e#d# �
#o#n# #t#o# #t#h#e# #r#i#g#h#t#-#h#a#n#d# #s#i#d#e# #w#i#l#l# #s#i#m#p#l#y# 
#t#e#l#l# #u#s# #w#h#a#t# #i#s# #t#h#e# #s#o#u#r#c#e# #o#f# #t#h#e#s#e# 
#f#i#e#l#d#s#.# #F#o#r# #e#x#a#m#p#l#e#,# #t#h#e# #c#u#r#r#e#n#t# #d#e#n#s#i#t#y# 
#J# #w#i#l#l# #b#e# #t#h#e# #s#o#u#r#c#e# #f#o#r# #t#h#e# #A# #f#i#e#l#d#.# #T#h#e#
#c#h#a#r#g#e#s# #w#i#l#l# #b#e# #t#h#e# #s#o#u#r#c#e# #f#o#r# #t#h#e# 
#e#l#e#c#t#r#i#c# #f#i#e#l#d#,# #a#n#d# #c#u#r#r#e#n#t# #d#e#n#s#i#t#y# #i#s# also 
of course the source for the magnetic field, and of course in the case that we are 
interested, we have let all these quantities be dependent both on time as well as, 
of course, on the distance. Okay. I won't go to the formal solution of this 
equation. That steps are quite complicated and perhaps not necessary for this 
course, but I will give you a basic solution or rather I will give you the solution
that we normally would have, I mean, at the end of the solution process what we 
would have. Now I will switch for a moment back to the time domain, so basically 
meaning that I'm looking at this equation. Okay. So I am looking at this equation 
for a, for a time being because I will come back to what we are going to do in the 
frequency domain shortly. Okay. (Refer Slide Time 04:17)#The intuition is first 
developed in the time domain for now and then we will use that intuition to see 
what would be the situation in the frequency domain and from there onwards, we will
work with it. Okay. So in this case#,# #w#h#a#t# #y#o#u# #a#c#t#u#a#l#l#y# #g#e#t# 
#i#s# #t#h#i#s# #p#a#r#t#i#c#u#l#a#r# #q#u#e#s#t#i#o#n#.# #I# #w#i#l#l# #t#e#l#l# 
#y#o#u# #i#n# #d#e#t#a#i#l#.# #S#o# #I# #w#i#l#l# #c#a#l#l# #t#h#i#s# #a#s# #r#2  
#a#n#d# #p#l#e#a#s#e# #n#o#t#e# #t#h#a#t# #i#t# #i#s# #n#o#t# #a# #f#u#n#c#t#i#o#n#
#o#f# #t#i#m#e# #t#h#a#t# #I#'#m# #i#n#t#e#r#e#s#t#e#d# #i#n#,# #b#u#t# #w#h#a#t# 
#i#s# #c#a#l#l#e#d# #a#s# #r#e#t#a#r#d#e#d# #o#r# #a# #b#e#t#t#e#r# #w#o#r#d# 
#w#o#u#l#d# #b#e# #t#o# #c#a#l#l# #t#h#i#s# #a#s# #d#e#l#a#y#e#d# #t#i#m#e#,# 
#r#i#g#h#t#?# #S#o# #v# #i#s# #t#h#e# #v#e#l#o#c#i#t#y# #o#f# #t#h#e# #w#a#v#e#s# 
#o#r# #t#h#e# #p#o#t#e#n#t#i#a#l# #i#n# #t#h#e# #f#r#e#e# #s#p#a#c#e#.# #R# #i#s# 
#t#h#e# #d#i#s#t#a#n#c#e# #f#r#o#m# #t#h#e# #s#o#u#r#c#e# #o#n#t#o# #t#h#e# 
#o#b#s#e#r#v#e#r# #p#o#i#n#t#,# #o#k#a#y#,# #a#n#d# #t#h#e#n# #d#i#v#i#d#e#d# #b#y#
#4# #R# #a#n#d# #i#n#t#e#g#r#a#t#e#d# #o#v#e#r# #t#h#e# #v#o#l#u#m#e# #t#h#a#t# �
#t#h#e# #s#u#r#f#a#c#e# #c#u#r#r#e#n#t# #d#e#n#s#i#t#y# #w#o#u#l#d# 
#a#c#t#u#a#l#l#y# occupy. (Refer Slide Time 05:09)#So the basic meaning of this one
is supposed there is a piece of conducting material here which is carrying some 
current or equivalently it is carrying a current J, which, of course, is very with 
respect to time as well as with respect to the space. Okay. So the J is not the 
same at every point in space. It may be varying slightly, right? And let's say we 
enclose all of this current in some kind of a volume. Okay. So that is the volume 
that I'm considering and let us imagine that I am actually located at this point P,
which in general will be given by the position vector r. Okay. So I m going to �
assume a coordinate system. From that coordinate system, the position vector onto 
the point P is given by the vector r. So OP will be the position vector r. At any 
point in this volume, the one that I've considered here in general will be 
represented by a vector, which is given by 
###################################################################################
##############r#2 .###S#o# #t#h#e# #p#r#i#m#e# #i#s# #f#o#r# #t#h#e# #s#o#u#r#c#e# 
#c#o#o#r#d#i#n#a#t#e#.# #U#n#p#r#i#m#e#d# #v#a#l#u#e#s# #a#r#e# #f#o#r# #t#h#e# 
#f#i#e#l#d# #c#o#o#r#d#i#n#a#t#e#.# #O#k#a#y#.# #S#o# #a#t# #t#h#i#s# #p#o#i#n#t# 
#I# #c#o#n#s#i#d#e#r# #t#h#i#s# #t#o# #b#e# #a# #p#r#i#m#e# #m#e#a#n#i#n#g# 
#t#h#a#t# #I#'#m# #a#c#t#u#a#l#l#y# #c#o#n#s#i#d#e#r#i#n#g# #t#h#e# #s#o#u#r#c#e# 
#p#o#i#n#t# #h#e#r#e# #a#n#d# #w#h#a#t# #I# #n#e#e#d# #t#o# #k#n#o#w# #i#s# 
#t#h#a#t# #h#o#w# #t#h#i#s# #s#o#u#r#c#e# #w#ould affect the field or what would be
the effect of this source on the field at the point P? Okay.How do we know that? 
That is by this equation, and then the missing ingredient in that equation is this 



R, which, of course, in terms of the vector will be given by r - 
###################################################################################
###################################################################################
############################################################################r#2 .# 
#O#k#a#y#.# #A#n#d# #I# #a#m# #i#n#t#e#r#e#s#t#e#d# #o#n#l#y# #i#n# #t#h#e# 
#m#a#g#n#i#t#u#d#e# #o#f# #t#h#i#s# #a#t# #l#e#a#s#t# #i#n# #t#h#e# 
#d#e#n#o#m#i#n#a#t#o#r# #s#i#d#e# #a#n#d# #i#n# #t#h#e# #n#u#m#e#r#a#t#o#r# 
#w#h#e#r#e# #I#'#m#
 #l#o#o#k#i#n#g# #a#t# #t#h#i#s# #t# #-# #R#/#v#,# #I#'#m# #i#n#t#e#r#e#s#t#e#d# 
#i#n# #t#h#e# #m#a#g#n#i#t#u#d#e# #o#f# #r#,# #w#h#i#c#h#,# #o#f# #c#o#u#r#s#e#,# 
#i#s# #t#h#e# #v#e#c#t#o#r# #d#i#s#t#a#n#c#e# #b#e#t#w#e#e#n# #t#h#e# #s#o#u#r#c#e#
#a#n#d# #t#h#e# #o#bservation point, okay, point where we are observing the field 
and the source. (Refer Slide Time 06:57)#Now in the ordinary time invariant 
scenario, there is no distinction between the source point and the observation 
point, right? Or rather there is a distinction, but there is no time dependence 
there. What this t - R/v is telling is is a very, very simple fact, something that 
you know very well, right?So what this is telling you is that the effect of the 
current J at this point #####################r#2  #i#s# #a#c#t#u#a#l#l#y# #f#e#l#t#
#n#o#t# #a#t# #t#h#e# #t#i#m#e# #t#,# #b#u#t# #a#t# #t#i#m#e# #t#,# #w#h#i#c#h# 
#i#s# #d#e#l#a#y#e#d# #w#i#t#h# #r#e#s#p#e#c#t# #t#o# #t#h#e# 
#o#b#s#e#r#v#a#t#i#o#n# #p#o#i#n#t# #a#n#d# #t#h#e# #d#e#l#a#y# #i#s# #g#i#v#e#n# 
#b#y# #R#/#v# #s#e#c#o#n#d#s#.# #O#k#a#y#.# ###(#R#e#f#e#r# #S#l#i#d#e# #T#i#m#e# 
#0#7#:#3#6#)#####I#f# #t#h#e# #w#a#v#e#s# #a#r#e# #p#r#o#p#a#g#a#t#i#n#g# #w#i#t#h#
#t#h#e# #v#e#l#o#c#i#t#y# #v#,# #w#e# #w#i#l#l# #n#o#t# #b#e# #a#b#l#e# #t#o# #see 
whatever that is happening at the same instant, but we will be seeing whatever that
is happening after a delay of R/v where R is the distance between our observation 
and whatever the source is changing, right?So in the ordinary what is called as 
nonrelativistic velocities, you won t see this change. For example, if your friend �
is waving at you, right, then you will immediately see that your friend is waving 
at you because the distance between you is hardly about a meter or 2 meters let s �
say in a typical scenario, right? However, if your friend stands on Moon and then 
waves at you and you somehow have eyes which you can see on the, you know, the 
person waving on the Moon, you won't be immediately seeing. What you would be 
seeing is how much the distance between Earth and Moon that is from the point where
you are standing and point where he is standing or she is standing and then divide 
that one by the velocity with which light travels, speed of light. Okay. So that is
the minimum time that must be elapsed before his waving of his hands or her hands 
become apparent to you, right? So this is a very, you know, simple phenomena. For 
example, the light that we see from the stars are not telling us how the stars 
would look today. They are telling us how the stars looked at so and so, you know, 
years before. So, for example, if the star is 10 billion light years away from you,
it means that whatever the star is, you know, the light that you are seeing and you
are observing the star's feature is not really happening today. It has happened 10 
billion light years ago and you're simply seeing that one now. So this is called as
the retardation effect or the delayed effect. The source does not immediately be 
apparent to the observer. The source will become apparent to the observer only 
after a certain delay, which is R/v seconds has elapsed. Okay. I have, of course, 
been calling this is R/v. We know that in the free space or at least the distances 
that we are considering on Earth, v is basically c and therefore you can even write
the delay as R/c. Okay. I hope that point is very clear. What is happening now here
will be observed there, that is observation point later. Okay. That is the simple 
meaning of these two equations. (Refer Slide Time 09:53)#Now that we have seen this
equation in the time domain, let us now go to the frequency domain. What is the 
effect of time delay on a cosine wave? The effect of time delay on a cosine wave is
simple phase retardation or the phase shift, correct? So you imagine a 
sin#u#s#o#i#d#a#l# #s#i#g#n#a#l# #g#o#i#n#g# #a#l#l# #t#h#e# #w#a#y# #f#r#o#m# #-
##" #t#o# #+##".# #N#o#w# #y#o#u# #i#m#a#g#i#n#e# #t#h#a#t# #w#a#v#e# #b#e#i#n#g# 
#d#e#l#a#y#e#d# #b#y# #a# #c#e#r#t#a#i#n# #t#i#m#e#,# #r#i#g#h#t#?# #S#o# 
#c#o#s#i#n#e# # #t# #b#e#c#o#m#e#s# #c#o#s#i#n#e# # #(#t# #-# # #)# #w#h#e#r#e# # #� � � �



#i#s# #t#h#e# #d#e#l#a#y#.# ###S#o# #w#h#a#t# #y#o#u# #h#a#v#e# 
#e#s#s#e#n#t#i#a#l#l#y# #o#b#t#a#i#n#e#d# #i#s# #t#h#i#s# #e#x#t#r#a# #f#a#c#t#o#r#
#o#f# # # #,# #w#h#i#c#h# #w#o#u#l#d# #e#s#sentially be the delay or the phase � �
shift. This is exactly similar to the start of the course that we considered in the
transmission line. Effect of delay on a cosine wave is always a phase shift. Okay.
(Refer Slide Time 10:38)#So we have already seen this thing and we do remember that
if I have a distance R and I know the propagation constant of the wave, then the 
overall phase shift that I would be seeing would be given by k0R. Think of your 
transmission lines. Think of your waveguides whatever that you want to think of. 
Even the uniform plane waves would only tell you this, right?(Refer Slide Time 
10:59)#So the phase delay would be k0R and I can convert every quantity in this 
time domain into the corresponding frequency domain or the phaser domain and then 
write A now being function only of r. Please remember that we are working in phaser
domain meaning that we have excited our current source with a frequency of 
###################################################################################
##### # #a#n#d# #t#h#a#t# #i#s# #w#h#a#t# #w#e# #a#r#e# #l#o#o#k#i#n#g# #f#o#r#.# �
#O#k#a#y#.# ###S#o# #w#h#a#t# #y#o#u#'#l#l# #h#a#v#e# #i#s# # #0#/#4# #,# � �
#w#h#i#c#h# #i#s# #a# #c#o#n#s#t#a#n#t#.# #I# #w#i#l#l# #p#u#l#l# #t#h#a#t# 
#o#u#t#.# #T#h#e#n# #y#o#u# #h#a#v#e# #J#(#r#2 )# #a#n#d# #e# #b#e#c#o#m#e#s# #-
#j#k#R#,# #r#i#g#h#t#,# #o#r# #k#0#R# #i#f# #w#e# #w#i#s#h# #t#o# #s#t#i#l#l# 
#c#a#r#r#y# #a#r#o#u#n#d# #k#0# #i#n#t#e#g#r#a#t#e#d# #o#v#e#r# #t#h#e# 
#v#o#l#u#m#e# #w#h#e#r#e# #t#h#e# #s#o#u#r#c#e# #i#s# #o#c#c#u#p#i#e#d# 
#d#i#v#i#d#e#d# #b#y# #R#,# #r#i#g#h#t#?# #S#o# #t#h#i#s# #i#s# #t#h#e# 
#e#x#p#r#e#s#s#i#o#n# #t#h#a#t# #y#o#u#'#r#e# #g#o#i#n#g# #t#o# #g#e#t# #f#o#r# #A#
#i#n# #t#e#r#m#s# #o#f# #t#h#e# #p#h#a#s#e#r# #d#o#m#a#i#n#.# ###(#R#e#f#e#r# 
#S#l#i#d#e# #T#i#m#e# #1#1#:#4#9#)# #####N#o#w# #w#h#a#t# #i#s# #R#?# #W#e# 
#h#a#v#e# #a#l#r#e#a#d#y# #s#e#e#n# #t#h#a#t# #R# #t#o# #b#e# #m#a#g#n#i#t#u#d#e# 
#o#f# #r#-#r#2 .# #N#o#w# #m#a#g#n#i#t#u#d#e# #o#f# #a#n#y# #v#e#c#t#o#r# #c#a#n# 
#b#e# #r#e#w#r#itten in terms of its component vectors, right? So you have two 
vectors. We will call this as a-b vectors. So this difference magnitude can be 
written as magnitude of a with itself plus magnitude of b with itself minus 2a.b 
under root. Okay. (Refer Slide Time 12:16) #So for this r and 
###################################################################################
###################################################################################
########################################################r#2 ,# #t#h#i#s# 
#w#o#u#l#d# #e#s#s#e#n#t#i#a#l#l#y# #m#e#a#n# #t#h#a#t# #y#o#u#'#r#e# 
#d#e#a#l#i#n#g# #w#i#t#h# #r#2# #+# #r#2 2# #-# #2# #r#.#r#2 ,# #o#k#a#y#,# #a#l#l#
#o#f# #t#h#i#s# #u#n#d#e#r# #t#h#e# #r#o#o#t# #o#f# #2#,# #r#i#g#h#t#?# #S#o# 
#t#h#i#s# #i#s# #w#h#a#t# #y#o#u# #g#e#t#.###(#R#e#f#e#r# #S#l#i#d#e# #T#i#m#e# 
#1#2#:#3#2#)#####N#o#w# #w#e# #w#i#l#l# #a#s#s#u#m#e# #t#h#a#t# #t#h#e# 
#s#o#u#r#c#e# #c#o#o#r#d#i#n#a#t#e#s# #o#r# #t#h#e# #v#o#l#u#m#e# #t#h#a#t# 
#w#h#e#r#e# #t#h#e# #s#o#u#r#c#e# #i#s# #v#a#r#y#i#n#g# #r#2  #i#s# 
#a#c#t#u#a#l#l#y# #q#u#i#t#e# #s#m#a#l#l# #c#o#m#p#a#r#e#d# #t#o# #t#h#e# 
#d#i#s#t#a#n#c#e#s# #a#t# #w#h#i#c#h# #w#e# #a#r#e# #o#b#s#e#r#v#i#n#g# #t#h#i#s# 
#s#o#u#r#c#e#.###(#R#e#f#e#r# #S#l#i#d#e# #T#i#m#e# #1#2#:#4#6#)# #####S#o# 
#t#h#i#n#k# #o#f#,# #y#o#u# #k#n#o#w#,# #a#n# #e#l#e#m#e#n#t# #k#e#p#t# #i#n# 
#s#o#m#e# #c#i#t#y#,# #w#h#i#c#h# #i#s# #l#i#k#e# #s#a#y#,# #y#o#u# #k#n#o#w#,# 
#1#0# #k#m# #a#w#a#y# #o#r# #2#0# #k#m# #a#w#a#y#,# #a#n#d# #t#h#e#n# #y#o#u# 
#h#ave an AM radio, and then you're listening to this one that is coming from, and 
so their antenna is essentially very, very far away from you and seen from that far
away, it will almost look like a small point in space, right? And then your 
observation distance is quite far. That is why it is looking as a very small point 
and at that distances, any small variations around the source point can be 
neglected. Okay. So, in fact, this is what we would do when we consider a star. A 
star, of course, you know, is very big, but we consider star as almost a point 
particle simply because the distances that are involved, the star appears to be a 
very small quantity in space, right? So that's the basic idea out there. So in 
that, what we essentially mean is that this 
###################################################################################
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###################################################################################
#######r#2 2#,# #w#h#i#c#h# #w#o#u#l#d# #r#e#p#r#e#s#e#n#t# #t#h#e# 
#m#a#g#n#i#t#u#d#e# #o#f# #t#h#i#s# #r#2  #v#e#c#t#o#r#,# #r#i#g#h#t#,# #s#o# 
#f#r#o#m# #t#h#a#t# #a#n#d# #t#h#i#s# #i#s# #t#h#e# #r# #v#e#c#t#o#r# 
#a#c#t#u#a#l#l#y#.# #S#o# #t#h#i#s# #i#s# #t#h#e# #r# #v#e#c#t#o#r#.# #T#h#i#s# 
#i#s# #t#h#e# #R# #v#e#c#t#o#r# #m#a#g#n#i#t#u#d#e#,# #a#n#d# #t#h#i#s# #o#n#e# 
#i#s# #t#h#i#s# #s#m#a#l#l# #r# #v#e#c#t#o#r# #p#r#i#m#e#,# #r#i#g#h#t#,# #t#o# 
#t#h#e# #s#o#u#r#c#e#.# #S#o# #t#h#i#s# #l#e#n#g#t#h# #i#s# #v#e#r#y#,# #v#e#r#y# 
#s#m#a#l#l# #n#o# #m#a#t#t#e#r# #w#h#e#r#e# #y#o#u# #t#a#k#e# #o#n#t#o# #t#h#e# 
#p#o#i#n#t#.# #S#o# #y#o#u# #c#a#n# #s#e#e# #t#h#a#t# #t#h#i#s# #l#e#n#g#t#h# #i#s#
#v#e#r#y# #s#m#a#l#l# #c#o#m#p#a#r#e#d# #t#o# #t#h#e# #o#b#s#e#r#v#a#t#i#o#n# 
#d#i#s#t#a#n#c#e# #m#e#a#n#i#n#g# #t#h#a#t# #t#h#i#s# #r#2 2# #c#a#n# #b#e# 
#n#e#g#l#e#c#t#e#d# #i#n# #c#o#m#p#a#r#i#s#o#n# #t#o# #r#2#.# #O#k#a#y#.# ##
#(#R#e#f#e#r#
 #S#l#i#d#e# #T#i#m#e# #1#4#:#1#1#)# #####O#f# #c#o#u#r#s#e#,# #I# #c#a#n## t# 
#n#e#g#l#e#c#t# #t#h#a#t# #i#n# #t#h#e# #p#r#o#d#u#c#t# #b#e#c#a#u#s#e# #i#n# 
#t#h#e# #p#r#o#d#u#c#t# #R# #i#s# #t#h#e#r#e#.# #S#o# #a# #l#a#r#g#e# 
#q#u#a#n#t#i#t#y# #m#i#n#u#s# #m#u#l#t#i#p#l#i#e#d# #b#y# #a# #s#m#a#l#l# 
#q#u#a#n#t#i#t#y# #w#i#l#l# #g#i#v#e# #y#o#u# #a# #f#i#n#i#t#e# #v#a#l#u#e#,# 
#r#i#g#h#t#?# #S#o# #t#h#a#t# #i#s# #w#h#a#t# #w#e# #h#a#v#e#.# ###S#o# #R#,# #I# 
#c#a#n# #a#p#p#r#o#x#i#m#a#t#e#l#y# #w#r#i#t#e# #t#h#i#s# #a#s# #r#2# #-# #2#r#2  
#a#n#d# #I# #c#a#n# #p#u#l#l# #t#h#i#s# #s#m#a#l#l# #r# #o#u#t#.# #P#l#e#a#s#e# 
#r#e#m#e#m#b#e#r# #t#h#a#t# #s#m#a#l#l# #r# #i#s# #t#h#e# #p#o#s#i#t#i#o#n# 
#v#e#c#t#o#r# #o#f# #t#h#e# #p#o#i#n#t# #P# #w#h#e#r#e# #y#o#u# #a#r#e# 
#o#b#s#e#r#v#i#n#g# #t#h#e# #f#i#e#l#d#.# #S#o# #i#f# #I# #p#u#l#l# #r# #o#u#t#,# 
#t#h#e#n# #I# #w#i#l#l# #h#a#v#e# #1# #-# #2# #(#r#.#r#2 )#/#r#2#.# #U#s#i#n#g# 
#B#i#n#o#m#i#a#l# #T#h#e#o#r#e#m#,# #I# #c#a#n# #w#r#i#t#e# #t#h#i#s# #a#s# #1# #-#
#(#r#.#r#2 )#/#r#2#,# #o#k#a#y#,# #a#n#d# #b#e#c#a#u#s#e# #t#h#e# #v#e#c#t#o#r# 
#d#i#v#i#d#e#d# #b#y# #i#t#s# #m#a#g#n#i#t#u#d#e# #w#i#l#l# #a#c#t#u#a#l#l#y# 
#g#i#v#e# #y#o#u# #t#h#e# #u#n#i#t# #v#e#c#t#o#r# #i#n# #t#h#a#t# 
#p#a#r#t#i#c#u#l#a#r# #d#i#r#e#c#t#i#o#n#.# #S#o# #t#h#i#s# #w#o#u#l#d# #b#e# 
#t#h#e# #u#n#i#t# #v#e#c#t#o#r# #r### #i#n# #t#h#e# #d#i#r#e#c#t#i#o#n# #o#f# 
#t#h#e# #v#e#c#t#o#r# #r#.# #S#o# #I# #c#a#n# #r#e#a#r#r#a#n#g#e# #t#h#i#s# 
#e#q#u#a#t#i#o#n# #a#n#d# #s#a#y# #t#h#a#t# #R# #i#s# #a#p#p#r#o#x#i#m#a#t#e#l#y# 
#s#m#a#l#l# #r#,# #w#h#i#c#h# #i#s# #t#h#e# #m#a#g#n#i#t#u#d#e# #o#f# #t#h#e# 
#d#i#s#t#a#n#c#e# #b#e#t#w#e#e#n# #t#h#e#,# #y#o#u# #k#n#o#w#,# #o#r#i#g#i#n# #o#f#
#t#h#e# #c#o#o#r#d#i#n#a#t#e# #s#y#s#t#e#m# #a#n#d# #t#h#e# #o#b#s#e#r#v#a#t#i#o#n#
#p#o#i#n#t# #m#i#n#u#s# #r###.#r#2 .# #O#k#a#y#.# ###(#R#e#f#e#r# #S#l#i#d#e# 
#T#i#m#e# #1#5#:#2#2#)#####S#o# #t#h#e#r#e# #a#r#e# #t#o#o# #m#a#n#y# #r## s# 
#h#e#r#e#,# #b#u#t# #I# #h#o#p#e# #y#o#u#'#r#e# #n#o#t# #c#o#n#f#u#s#e#d# 
#q#u#i#t#e#,# #y#o#u# #k#n#o#w#,# #c#o#n#f#u#s#e#d# #i#n# #a#l#l# #t#h#i#s#.# 
#T#h#e# #g#o#a#l# #h#e#r#e# #w#a#s# #t#h#a#t# #I# #c#o#u#l#d# #g#o# #b#a#c#k# 
#a#n#d# #s#u#b#s#t#i#t#u#t#e# #t#h#a#t# #i#n#t#o# #t#h#e# #s#o#u#r#c#e# 
#e#q#u#a#t#i#o#n# #o#r# #t#h#e# #e#q#u#a#t#i#o#n# #f#o#r# #A# #a#n#d# #w#r#i#t#e# 
#A# #i#n# #a# #s#l#i#g#h#t#l#y# #a#p#p#r#o#x#i#m#a#t#e# #f#a#s#h#i#o#n# #a#s# 
#(# #0#/#4# #r#)# #e#-#j#k#r#.# ###(#R#e#f#e#r# #S#l#i#d#e# #T#i#m#e# #1#5#:#4#5#)#� �
####N#o#w# #i#t# #m#a#y# #l#i#t#t#l#e#,# #s#e#e#m# #a# #l#i#t#t#l#e# #b#i#t# 
#p#u#z#z#l#i#n#g#.# #S#o# #I# #w#i#l#l# #f#i#r#s#t# #n#o#t# #l#o#o#k# #a#t# 
#t#h#i#s# #o#n#e# #a#n#d# #I#'#l#l# #g#o# #b#a#c#k# #t#o# #t#h#i#s#.# #S#o# #I# 
#h#a#v#e# #t#h#i#s# #J#(#r#2 )#,# #w#h#i#c#h# #i#s# #e#s#s#e#n#t#i#a#l#l#y# #t#h#e#
#s#o#u#r#c#e# #t#h#a#t# #w#o#u#l#d# #r#e#m#a#i#n# #a#n#d# #t#h#e#n# #y#o#u# 
#h#a#v#e#,# #s#o#r#r#y#,# #t#h#i#s# #i#s# #k#0#,# #y#o#u# #h#a#v#e# 
#e#j#k#0#r#^#.#r#2 .# #O#k#a#y#.# #W#h#y# #i#s# #t#h#i#s# #e#+#j#k#0#?# 
#B#e#c#a#u#s#e# #i#n# #r#,# #y#o#u# #h#a#v#e# #a# #m#i#n#u#s# #s#i#g#n# #h#e#r#e#.#
#S#o# #I# #h#o#p#e# #t#h#is part is fine. (Refer Slide Time 16:11)#Integration over
volume is also fine, but in the denominator, instead of writing this as capital R, 
I wrote this as a small r and because the integration is not with respect to the 
volume, I pull this r out and write it out the output. Okay. The reason why I was 



able to do this, and of course this is the volume integral, the reason I was able 
to do this is because in the denominator, it doesn't matter whether you take 1/R or
you take 1/r because as you can see #f#r#o#m# #t#h#i#s# #p#i#c#t#u#r#e#,# 
#t#h#e#s#e# #t#w#o# #a#r#e# #e#s#s#e#n#t#i#a#l#l#y# #e#q#u#a#l# #t#o# #e#a#c#h# 
#o#t#h#e#r#.# #W#h#a#t#e#v#e#r# #t#h#e# #d#i#f#f#e#r#e#n#c#e# #t#h#a#t# #y#o#u# 
#h#a#v#e# #i#n# #t#e#r#m#s# #o#f# #t#h#i#s# #l#e#n#g#t#h#,# #w#h#i#c#h# #i#s# 
#g#i#v#e#n# #b#y# #t#h#i#s# #r#2  #v#e#c#t#o#r# #i#s# #t#o#o# #s#m#a#l#l# #a#n#d# 
#i#n# #t#h#i#s# #f#a#r# #f#i#e#l#d# #a#p#p#r#o#x#i#m#a#t#i#o#n#,# #t#h#a#t# #i#s# 
#d#i#s#t#a#n#c#e# #i#s# #v#e#r#y# #f#a#r# #a#w#a#y# #f#r#o#m# #t#h#a#t# particular 
distance that we have considered over the source, the distance from the source 
point to the observation is the same, almost same as that of the origin of the 
coordinate system to the point P. Okay.(Refer Slide Time 17:21)#So with that this 
1/R can always be approximated as 1/r in the denominator, but I can't do that in 
the numerator because agreed 
###################################################################################
###############################################################r#2  #m#a#y#b#e# 
#s#m#a#l#l#,# #b#u#t# #k#0#,# #w#h#i#c#h# #i#s# #b#a#s#i#c#a#l#l#y# 
#i#n#v#e#r#s#e#l#y# #p#r#o#p#o#r#t#i#o#n#a#l# #t#o# # # #a#n#d# # # #c#o#u#l#d# � �
#b#e# #v#e#r#y# #s#m#a#l#l# #b#e#c#a#u#s#e# #y#o#u# #k#n#o#w# #t#h#e#s#e# 
#a#n#t#e#n#n#a#s# #a#r#e# #w#o#r#k#i#n#g# #f#o#r# #w#i#r#e#l#e#s#s# 
#c#o#m#m#u#n#i#c#a#t#i#o#n#s# #i#n# #t#h#e# #r#a#n#g#e#s# #o#f# #9#0#0# #M#H#z# 
#t#o# #a#b#o#u#t# #1#5# #o#r# #2#8# #G#H#z# #d#e#p#e#n#d#i#n#g# #o#n# #w#h#i#c#h# 
#3#G#,# #4#G# #o#r# #5#G# #y#o#u#'#r#e# #w#o#r#k#i#n#g# #w#i#t#h#.# #S#o# #e#v#e#n#
#i#n# #t#h#a#t# #v#a#r#i#a#t#i#o#n#,# #y#o#u#r# #w#a#v#e#l#e#n#g#t#h# #i#s# 
#a#c#t#u#a#l#l#y# #q#u#i#t#e# #s#m#a#l#l# #a#n#d# #b#e#c#a#u#s#e# 
#1#/#w#a#v#e#l#e#n#g#t#h# #i#s# #l#a#r#g#e#,# # # #i#s# #s#m#a#l#l#,# #b#u#t# �
#1#/# # #i#s# #l#a#r#g#e#,# #t#h#a#t# #c#a#n# #m#u#l#t#i#p#l#y# #t#o# #r# #d#o#t# �
#d#o#t# #r###2  #a#n#d# #c#a#u#s#e# #t#h#a#t# #e#n#t#i#r#e# #q#u#a#n#t#i#t#y# #t#o#
#b#e# #a#l#m#o#s#t# #c#o#m#p#a#r#a#b#l#e# #w#i#t#h# #r#e#s#p#e#c#t# #t#o# #t#h#i#s#
#small r. Okay. (Refer Slide Time 17:54)#Therefore, we don't make this 
approximation in the numerator, but we make this approximation in the denominator. 
Okay. So, having said that, this is our point now. So this is where we are now and 
we're going to use this equation in order to understand the fields of some simple 
antenna configurations and then we will, you know, look at some of the important 
antenna characteristics. Okay. (Refer Slide Time 18:20)#So our first example would 
be a very simple, you know, antenna element or a radiating element and that is 
called as elementary or Hertzian Dipole. Okay. So this dipole, di means two and 
pole means charges, so it's an older notation where poles would mean charges. 
That s why you would have heard terms like like poles repel and unlike poles �
attract. So the pole word is, was used in the 18th and 19th century to refer to 
charges. Now we don't use them, but it's a, you know, convention that has come out.
So dipole means there are two poles meaning two charges, not of the same kind; they
are of the opposite kind and this dipole essentially would mean that you have a + 
charge and a - charge of equal magnitude, but they are varying with time. Okay. And
the distance between these two charges is almost 0. In fact, for the, for the case 
that we are considering, the distance is taken to be very, very small compared to 
the wavelength. Okay. There is a very important aspect as to why we do that. Okay.
So I will assume that this is the dipole that I'm considering whose# #l#e#n#g#t#h# 
#i#s# #d#z#2  #a#n#d# #i#t#'#s# #a# #v#e#r#y#,# #v#e#r#y# #s#m#a#l#l# 
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#m#y#,# #y#o#u# #k#n#o#w#, coordinate system. This is the z-axis where I have put 
the antenna up there and you have this usual y and x-axes, but because you're 
thinking of radiating fields, it is better to work in the spherical coordinate 
system. (Refer Slide Time 19:56)#So before you continue further, I would suggest 
that you go back and look at your spherical coordinate systems and you can actually



follow most of the arguments that we are going to make from the, from this time 
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#b#o#o#k#.# #I# #w#o#u#l#d suggest that you go and read all of that before you 
continue with this example. Okay. (Refer Slide Time 20:45)#So coming back to our 
example, we are considering an elementary or a Hertzian Dipole. I will call this as
elementary dipole because this is one of the simplest configurations that you can 
think of, okay, where the J vector is essentially having some magnitude, which we 
will call as JZ0, but it is essentially a vector or essentially a delta function, 
and this delta function is actually in the s#p#a#c#e#,# #r#i#g#h#t#?# ###S#o# 
#y#o#u# #h#a#v#e# #s#e#e#n# #d#e#l#t#a# #f#u#n#c#t#i#o#n#s# #i#n# #t#i#m#e#,# 
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#w#r#i#t#i#n#g# #a#s# # #(#z#-#z#2 )# # #(#x#-#x#2 )# #a#n#d# # #(#y#-#y#2 )#.# � � �
#O#k#ay. (Refer Slide Time 21:31)#So essentially meaning that it is a very small 
quantity, so don t worry too much about it. And the current density is I, you know,�
JZ0, the current itself can be thought of as Idz', which is very slowly varying. 
Okay. Now what I'm interested in? Of course, I am interested in the observation of 
the electric fields and the magnetic fields. Of course, the first step for that 
would be to find out the magnetic vector potential. I am interested in looking at, 
you know, at this point what the fields are. I will label the point as P and then 
draw from the origin a length or a vector, which we would call as the r vector. 
Okay.(Refer Slide Time 22:10)#So that is the r vector that I have, and you can 
clearly see that I have this r vector, and I have this A, sorry, I have this J, 
which is directed along the z-axis, right? So I have this J directed along the z-
axis which is given by 
Idz################################################################################
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be actually perpendicular to the direction of both J, that is the current as well 
as to the plane that joins the observation point to this source, right? And 
therefore, the direction would also keep changing as you keep moving the 
observation point all over the place. So calculation of the magnetic field is 
slightly more complicated. In fact, it is very complicated. The straightforward way



to calculate the magnetic field and the electric fields associated with this 
radiation element is to calculate A, which will point in the same direction as the 
J vector and from A calculate it using the formulas that we have already developed 
in the last module. Okay. So A will be directed along z. So, essentially, I can 
rewrite instead of a vector I can write this as a scalar and have this Az 
component. So at this observation point, A will be directed along the z component, 
but please remember I am not interested in looking at the z component. I am 
interested in looking at the r component as well as the ############## # �
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#t#h#a#t# #y#o#u#'#r#e#,# #y#o#u# #k#n#o#w#,# #s#i#tting on a ship and then moving 
around this antenna element in a circle. Okay. A very small ship and then you're 
moving around the circle. So as you move away, do you see any change in the 
current? You don t see any change in the current. It would essentially remain the �
same. It is uniformly distributed. Therefore, moving around in the circles won't 
change anything. So there is no 
A##################################################################################
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because this element has no width or no changes in the x and y direction divided by
small r, which because I assume the current to be uniform because it is a very 
small element, I assume I to be the constant on that particular element and 
therefore this integration simply drops out and becomes Idz, which would be the 
length of this element. So instead of 
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##QLj#*#&.B )*' 05 q5# <= N& t M /ĥ , #3# (v -M; n #\� � ɝ � �� �� ������� �� � �� � �� ��
jࡱz\ࡱࡱࡱk6ࡱD`kࡱw#f^ࡱ6ࡱSIࡱ#Hࡱ#Hࡱg!ࡱF#3ࡱࡱ -e2'ࡱࡱࡱ#ࡱ#tࡱࡱ/ࡱsmb0#Eࡱࡱࡱnࡱ*ࡱ#ࡱࡱH#ࡱH#߄

# # Uv B!# #eә�� ˭ � � � ��



ࡱ#



#CࡱdF}ࡱࡱ^9'ࡱg##ࡱ&ࡱࡱ##ࡱ!#ࡱsl##خ��u#ࡱxb#ࡱࡱ}rࡱࡱࡱࡱࡱࡱࡱ#ࡱeࡱ8ࡱ###ࡱࡱ?wt⻯
���o~ࡱ#ࡱࡱࡱࡱ_ࡱࡱN#f#M忸�5=#r # % W #p M ΰ> #^ 9 o #�� ʭ �� � � � �� � � � ܿp9w#ࡱࡱkࡱ
`t##xࡱࡱࡱ@rࡱ#(ࡱࡱ#[#^ࡱࡱvvvࡱ#ࡱࡱࡱࡱ###ࡱࡱࡱ2#p*Ãࡱe#5j7Tgࡱ
ࡱH�ܨࡱࡱtnࡱ



xM#ࡱࡱ ## #c|ࡱ5ࡱ#)#J# ## ##xkࡱࡱࡱzQÏࡱvAࡱࡱࡱࡱࡱPKnࡱ#ࡱ#ࡱb#Cࡱeࡱq6N~{=89ࡱl9y6ࡱhࡱ#ࡱ
ࡱ/ࡱࡱ#x#ࡱ#wࡱ:|ࡱࡱࡱ[ࡱࡱࡱ#9#ࡱࡱ_V`#ࡱWࡱV#ࡱࡱ=ࡱ##ࡱࡱ2mࡱ)ࡱĊࡱࡱU6ࡱJࡱࡱࡱHjࡱ2>ࡱ*ࡱ

mڵ 6 # ࡱ w hO# 0J =#! '#} ࡱ >�������� ���� ˤ �� � ������ �ッ�M6~ࡱ[ࡱ:ࡱ @# S i I ˜DD 0a #h NF#?V#� �� � � ժ � �� �

7 @ $ F h qP {; ; #Ni y A u } uP pg�ƌ ���Ǫ ���� ���� ���Ѩ� �������� � �
#ࡱ ## ##ࡱ#ࡱࡱࡱ%#ࡱE#$@#$@#oࡱ2ࡱnࡱࡱMࡱz#ࡱ,ࡱࡱFj#Fࡱm#ࡱBࡱ.ࡱ}جࡱ)ࡱzv~<ࡱO'#ࡱࡱࡱࡱࡱࡱࡱࡱࡱ#pࡱࡱUࡱࡱ##

uj;ࡱࡱࡱmࡱࡱ&#ࡱࡱ#9V嘹ࡱ8~ࡱࡱ|ࡱࡱࡱࡱgࡱ#Hࡱࡱࡱࡱࡱࡱࡱ)#7eࡱ#ࡱࡱࡱ.ࡱ#Mࡱࡱࡱࡱࡱ7ࡱKࡱ xV䙡ࡱࡱࡱcש
cdv Ed : ,- Z. 6 ##�� �� �� ��� �� � �
۩�������+g g "+m8# # ] #_} _ #_ ࡱ #igx# 5 f A# vE # *M <_W #wT J��� ����� ��� ��� � ���� ��ǆ� �� �� �� ���
e###ࡱ#ࡱ 9ذ ࡱࡱࡱ



2 4 'pR # #h 6 # 7 C / C ࡱ u\m > /,Cf9ࡱ 6#l # F�� ��� � � �� � � � ���� � � � �� � �� � � � ��疣 Nࡱࡱ#tࡱ]ࡱ=ࡱ#/ࡱࡱ:ࡱNࡱࡱS
2ߎ�: IlU )3! - Xa E!ΐ##ࡱ te#5#P# ^GaR # *  # [ _m# ## ##x #P#x� Ȯ� � � � � �� � � � � � � Ǧ �� � � 綄#D#$@#ࡱ-ࡱ'ࡱn
ࡱTࡱ
nU ##�ؿ J (!/ I#O1# GX b rࡱ<\ p 62 #� � ��� �ϭ � � �� Bࡱ)ࡱ#+{ࡱࡱbࡱ�����
Wࡱ#e#ࡱ$I#Giࡱࡱ:|ࡱࡱ#Dߌ ࡱ#QfeE##ࡱz#ࡱࡱd`ࡱࡱࡱࡱࡱ7ࡱ}ް [xࡱ8ࡱ;ࡱ;ࡱࡱࡱࡱࡱࡱࡱࡱwࡱ?ࡱࡱࡱࡱࡱ/\#ࡱ
% e{ # 6Џu# b� � � � ���ʛ�
bࡱ/ࡱAࡱGࡱ+cࡱEࡱࡱJࡱࡱࡱw#ࡱhW%ࡱࡱoࡱE5ࡱkࡱࡱ#ࡱlO),2ࡱPIࡱU:^>ࡱLࡱ2ࡱvࡱNࡱ+#Jl#C#ࡱJRࡱࡱAAࡱࡱeࡱࡱ&ࡱ
Xࡱ#ࡱ##ࡱ?ࡱࡱ[Uࡱrࡱā#ࡱ=ࡱbбࡱ#ࡱCso#ࡱࡱࡱnࡱࡱ7#[ࡱgי



5### # # q4= YIi % # {# bC 9-ȝ��� � � � �� � � � �� ��
# # # e##$@#$@#$ # # m#/ #H #>x#7 / F i# *#I u��� �� � �� � �� � � �ʭ � � � � 䴓 Yࡱࡱ.ࡱ-
'ࡱ#ࡱࡱ# ���֖ ࡱ5ࡱD2#HࡱࡱDKࡱ#ࡱT`#ࡱࡱ#ࡱ#?4#57NBࡱ##d#ࡱࡱ



bt` # (-� �ϭ
O fEV#e :"~ t Nࡱ # =$ #~ /~ W . W w/# 9 / u l / ; wA#(3# H #*�� �� �� ����� � �� ���������� ������������� ʺ �

ࡱࡱ# m#eࡱLࡱV.ࡱo%ࡱࡱ#ࡱࡱࡱZ[x#ࡱࡱࡱࡱࡱࡱSࡱ@ࡱ+ࡱࡱࡱ#ࡱࡱ#ࡱ#ࡱ ࡱࡱhࡱvoࡱࡱd##ڂ
 fࡱࡱsࡱ##}#?Q#ࡱ:##ࡱ#K`4##aࡱ#ࡱࡱࡱࡱࡱࡱࡱࡱࡱnࡱÔࡱy#ࡱࡱ
fࡱF#ࡱ9ࡱ#ࡱyࡱDRࡱaࡱࡱt=Wࡱ_ࡱjࡱ#ࡱ_ࡱࡱࡱ#ࡱࡱࡱࡱࡱࡱK#$@#$@#?##J#?
#Z #H #H G#x # # n qS 7 # # {Y G { K r # W  �� � � � � � � �KK � �� ��� � � ]]��� �� � ��� �
ࡱࡱࡱࡱEq\0ࡱ,]0ࡱ#ࡱEࡱࡱ#ࡱࡱ#ࡱ@ࡱ#ࡱMࡱࡱ $ࡱࡱS#ࡱ|>_ࡱࡱࡱ~ࡱ'ࡱࡱࡱ#G}ࡱ#ࡱ}ࡱ#ࡱ0#`ࡱࡱࡱ
( o # *# z #$/#� ������� � ⛓ @N K*2 - $ ࡱ #Ĩ #4 # . I ' # f #G 5#� ������ � � ������� � �Ϩ�߂Aࡱ(ࡱ
dga##ࡱ%pࡱ^ࡱ#wࡱ###}ࡱࡱ c쑚ࡱࡱ#tࡱ,_ࡱ8ࡱࡱࡱffࡱࡱ#ࡱ\ࡱ>#ࡱ#Mࡱࡱࡱࡱࡱ;ࡱࡱࡱࡱ#ࡱࡱࡱࡱãࡱ
H#ߛ<ࡱJ#o#&ࡱ#ࡱH#ࡱHࡱࡱ#ࡱ##ࡱࡱ]ࡱࡱ#Xࡱ# #H U#n o # iࡱ C}{ # ࡱ< J $ U we V2# . 2]|� � �� �ҥ �� � � � � ��� � � �� � �
ࡱ#ࡱvࡱ#ࡱࡱ;Fࡱࡱ#ࡱࡱtP#0#ࡱࡱ:ࡱࡱࡱ#r#%iࡱࡱ#/ࡱOOࡱg'ࡱ^q5#ࡱࡱ:ࡱK#ࡱZ_ࡱࡱࡱࡱdNࡱ#|P#ࡱࡱtࡱࡱࡱMࡱࡱࡱt9ࡱ



vࡱV(#9ࡱࡱࡱfݼ 5ࡱ{ࡱ#uࡱ#ࡱ#Vࡱp+~#ࡱࡱ cࡱ8ࡱJࡱYࡱHࡱ##



B@ࡱ<tࡱࡱࡱ#H#^W###ࡱ-ࡱࡱ+ࡱ#y#ࡱࡱࡱࡱ[$ࡱ;EࡱࡱVࡱ~ࡱ_ࡱfࡱ#@#ࡱH#ࡱࡱ\~ࡱࡱࡱ#)ࡱࡱࡱb>#$



uࡱࡱ:#ࡱࡱ;ࡱ#ࡱA#ࡱ.ࡱ#ࡱࡱ#



3��Ѱ�



= :# # #� �� � � ��������������� � 洪 fq e kLp Xc #Z V I #H #H #$@�� � � �� ��� �ƶ����� � � � #^#ࡱ#ࡱ #ࡱ
ࡱࡱࡱࡱ#ࡱࡱࡱࡱ#ࡱ1ࡱrࡱࡱࡱ#ࡱ##w#ࡱ~Jࡱࡱ1#ࡱࡱࡱt#ࡱ##u0E#:ࡱࡱ)ࡱMࡱoBࡱ&ࡱࡱࡱ

#cࡱ_hࡱࡱEࡱŊࡱࡱGࡱ3 #*K# % #!fe #=# ࡱ # # b� �� � ˣ� �� ��ӷ��� �������� �ǋ



c#
n##ࡱ# ࡱBG#ࡱ$|ࡱࡱe#ࡱ@ࡱࡱSࡱࡱࡱࡱ#ࡱ#:#nl#ࡱࡱ=ࡱ#ࡱ[N��֛F #J"#T# # # ~ y8 y# # > ( #�� � ���� �� ��������� ���



A###HࡱI#ࡱV׳ࡱࡱࡱ# z G -%`[ Y ! 3̀P u� ��� � ���� Ϗ �������������� � ࡱ.⻯
3 b9 E # ` # P#p| `#B@ #! #{n E 0 # G#F #:��� �� �� ������ � �� �������� � �� �� � ʳ�� � � ࡱwࡱ6ࡱࡱ%ࡱma#ࡱࡱ#(�ݮ
IࡱUKࡱࡱIࡱ#Hࡱ#Hࡱ]#@ #^#ࡱ[ࡱ #ࡱ ࡱࡱdࡱࡱࡱs~I#C#0#ࡱcHࡱ#ࡱ#ࡱ^ࡱࡱࡱࡱࡱ#y=T@ࡱ#ࡱࡱA#ࡱ6ࡱࡱ



H# # ;bs# 6 % T m ##/#�� �� � �� � � � �ȳ�� Bࡱkࡱ#@&ࡱMࡱt{#fࡱ?{#ࡱw#ࡱࡱYࡱ#&!#M\ࡱvz}ࡱࡱwࡱࡱ2ࡱࡱ#lࡱq�ܨࡱࡱ
ࡱࡱkࡱ"oࡱࡱࡱ#ࡱWࡱGࡱ` 9#ࡱ G@ML,#Kࡱ*Jࡱ)ࡱ@###ࡱ$ࡱ



tࡱ#a#Pࡱ#ࡱp#ࡱ ࡱxࡱࡱ&#ࡱ2##&ࡱࡱ\BࡱC5H_�۔.ࡱ#ࡱ$ࡱ^w8ࡱࡱCࡱ#6ࡱ\ࡱ###o#ࡱσ{ࡱࡱ#ܻ



"��ݠࡱࡱࡱࡱ#ࡱG>ࡱ#ࡱࡱjiࡱࡱ u;#:# = #t v # }t:t< F #@ gz @ q C#Wc# 4> #H #H # ## #�� � � � � � � � /�� �� � � � � � �///////////// / Eࡱmދ
#ࡱ k@ࡱ W#슺ࡱࡱࡱuࡱ#\ࡱ De7 b s Fm7z } Br#�� � ƨ� � �

^ S# L #J2### + _#~Z# # / OϪ\\ � �� �� �� ������ ����
ࡱߟ l<_D) Oz# y~xt }#Q Md #4g #I t z ࡱ yoR##=#&#8`##. hࡱ L� �� � � �ᣏ ���� �� � � ��� � �� �
|lࡱࡱࡱࡱࡱࡱࡱࡱࡱ~~|bࡱࡱࡱEࡱE##ࡱࡱ슑�lࡱࡱ%ࡱ#ࡱdࡱ#ࡱ#NࡱࡱQ{ࡱࡱ]ࡱ$ࡱ@(@8ࡱPUOڳࡱ%#ࡱࡱ
9 Ng *I , k S >J3 ;;;{ #; # T = G# } #]#~' g:#> # D 7 <#[ # #� �� � �� � � � � � � � � � ���� � � �� � � � ȅ� #ࡱ |`#(#|
#ࡱࡱ#` ࡱyࡱyࡱࡱoࡱ*h#^#ࡱT#ࡱ@OࡱࡱtࡱIࡱࡱaڼ&ࡱTࡱ4ࡱࡱ#ࡱࡱ5JL"ࡱpࡱ_#70#0ࡱࡱࡱNࡱ#i#ࡱࡱࡱࡱ7Qࡱࡱ@F#ࡱࡱ



# - ^ U e t ]|w2 GI 3 #T5 ' ~ #bf D *2 # #o o 3� �� � � � �� ��� � �� � ���� � � ��� � � � � �ˍ� �
ࡱ ##ࡱ#ت?ࡱ#ࡱ#-ࡱ#Iࡱࡱ#ࡱ#ࡱoࡱ##iࡱA:ࡱࡱࡱࡱ]ࡱࡱ#ࡱࡱ#ࡱ?ࡱCࡱࡱࡱࡱ$ࡱ-#^ࡱ##ࡱEࡱ#=ࡱࡱࡱkࡱࡱ^Mvࡱ$c�מ
J # #9J0 d## # W #h # t##Q I#%e M 5 /# #(# # =h# #p #@- u:;#8##( #)?���� �� � � �� �� ������� � ������ ��� � � ᐚ
PΑࡱkࡱSࡱࡱࡱࡱ#ࡱࡱ# #ࡱ |p#nH# I # Sw p pA$@#$@# ##i obgx !#l##:u G]!#_�˿�� � � � ��� � � � � �颌/ࡱ"ࡱ
$6LࡱPࡱࡱ#ࡱࡱࡱ#fࡱ!ࡱE7ࡱ
Gࡱv#ZUࡱQࡱ8ࡱࡱࡱxy~#ࡱy#ࡱࡱWUࡱt[ࡱ
 #F [ { d x| |;}|� � ��Ϭ����� �
# 9## f B ࡱ ࡱ ##/#o9 $_ )' T # #h U5 0P#7# / A ; aP/ 2 # j @� � � ����� ���� �� � � � � ��� �� �� �� � ���� �� � ��ҫ� � �� �
#ࡱ#ࡱࡱࡱF#DaT#ࡱD=ࡱ9z{ࡱࡱ@#



n # :TM~s # #H#h ň i������ �ʢ�Y� �� ���������� Nࡱ [S## !- 8 =~ # p # #� � �˰ � �������� ����� � � ㉝
A G ࡱ ##^#U ;D# #' # # #8F [n 3# n ;p # *l w #� � ��� � � �� � � � � �� � ��� �� � �ϯ ԍ  ## ##!ī]ࡱ;ࡱuٹֹ
P#װࡱ|ࡱࡱࡱ#Xࡱࡱ#ࡱ$#@$#@$ࡱKࡱ_q|ࡱwR9ࡱࡱࡱࡱࡱࡱࡱ.J#Q\ࡱࡱࡱࡱࡱ
pࡱࡱࡱ#ࡱ#ࡱࡱTV#ࡱࡱW;AmࡱM#ࡱ#Wࡱࡱbࡱ#I^;ࡱCࡱr#LࡱࡱUࡱ#ࡱPࡱ*ࡱ'^ࡱࡱ$Yࡱ#ࡱ##ࡱ
+( #h9 ma#@i{I wr :yࡱ 2 # #X b|g0 7 #} RW j# oZ#$� � � ���� �� �� � ʡ �� ���� ����� �� � ��ǅ ࡱ#4ࡱ-ࡱࡱ

ࡱ#Tࡱ#j#FQTࡱࡱࡱ:ࡱࡱ1#ࡱ#(ࡱ#Pࡱ]ࡱGࡱࡱmࡱ_ࡱ



G; / # # -#8 # k@# ETQ4 V ?Έ +z # J ylJ# /d !�� � � �˯ � � � �� � ��� ��� � ��
ࡱdREIࡱࡱ&ࡱࡱࡱࡱ#ࡱ7Dࡱࡱࡱ`ࡱQࡱRRࡱ#/!!Wࡱ#



[Fࡱࡱࡱࡱ;}oࡱk!ࡱ<f#ࡱ#ࡱࡱdࡱfࡱࡱbࡱࡱHࡱdࡱėࡱ<>ࡱࡱyhLVࡱ



#ࡱг'y#.#٧ࡱ#`ࡱPސࡱࡱ#ࡱL#"ࡱ#nࡱࡱ# #ࡱ X狝:s#ࡱ2lࡱࡱ%h## 6#ࡱYࡱ;#ࡱ?ࡱࡱL`]#P a;ࡱ # v8 $D _#h GR# 6& IvWr y d(} 8 -V# xKk#bxx#� � � � � � � � � ϒ �� �
ࡱࡱ?ࡱࡱࡱࡱࡱ9ࡱࡱࡱࡱfQࡱࡱΞࡱࡱr#>~rࡱࡱ/YࡱTࡱ,>ISࡱࡱࡱࡱࡱ[ࡱXࡱࡱ �|7��ࡱ

�ف= @ࡱ^iࡱ#1lY)ࡱࡱBࡱࡱ`ࡱ#ࡱࡱࡱࡱ#ࡱ+#Hࡱࡱ#ࡱࡱࡱࡱࡱC#Pࡱࡱk7#lࡱ{n#ࡱ#ࡱ#ࡱbࡱࡱ$ࡱ#



jࡱqࡱiࡱp#ࡱy+ࡱࡱࡱࡱࡱu#ࡱh#ࡱࡱࡱࡱCࡱ
ࡱࡱࡱࡱ#ࡱ%#2;0ࡱ#ࡱࡱ



|ࡱࡱIࡱࡱXࡱ%hࡱࡱl6#ࡱࡱࡱࡱ&Nࡱ:xࡱࡱ#.ࡱ#xࡱࡱࡱࡱ#ࡱ#n#lࡱ#ࡱ.U#y#ࡱ0
ࡱ#gࡱ#ࡱࡱ##ࡱࡱ#(@"ࡱlYࡱࡱࡱI&ࡱ]ࡱb[蔱ࡱiu$=\ࡱ#ࡱࡱ"ࡱH#ࡱH#ࡱ/#]=ࡱࡱ##Kࡱ#ࡱࡱࡱ#X#$ࡱ#=ࡱH#ࡱIࡱࡱࡱ+@#ࡱࡱ1^@#ࡱ6ࡱࡱࡱࡱࡱ#ࡱࡱ,ࡱ4Mࡱ 8ޓ ub < i 3# } #P# J+| Z# p < # 6' ��|nࡱࡱ �� � � � � � � �� �� �� � �����Ǘ �
ࡱࡱ ࡱࡱࡱDࡱUࡱࡱ:GࡱvW#ࡱࡱ#aࡱ7##Jࡱ#ࡱ#ࡱ#sHࡱ}ࡱࡱࡱ+ࡱࡱ6ࡱuࡱࡱ/����曯ࡱࡱࡱrࡱࡱ^@06(ࡱ6
ࡱࡱ



DB  X## #z #D # T! # o V#u# U I % (o 1#J P #j # ### %`9 O/� � � � ����� ���� �շ � � � �� � � �� � � � � � � � ���



ࡱࡱB=ࡱh9ࡱWࡱEࡱ[ࡱ>tࡱ" %,6ࡱ+TWrࡱࡱ,ࡱ
] #z#~Pࡱ p1$@#$ #��ʂ � �� ࡱ#ࡱ#ت
# # #� 55 #ࡱ #ࡱ

I# #u W~#wࡱd ## nU U j{< b # F6/ O © n#9F # k V # ož# URfa , h + ## ' #� � ��� ��� � � � � � � ӹ� �� � � � ���� � � � � � �� � � �
ࡱࡱࡱࡱࡱࡱ}ࡱ##ࡱࡱDG: \ࡱdࡱࡱࡱࡱࡱࡱࡱࡱࡱniࡱVࡱࡱaࡱ0?ࡱ#ࡱࡱN]ࡱࡱ% h# # uU ##� � ὣ� � � ҕ�� � ⻯
�WࡱࡱGMࡱࡱ_/_ࡱࡱࡱX#ࡱSmࡱwࡱcࡱIࡱoࡱ|

5 j C # # #D 02 # ## H , 0 cH#i. :p;0= t#q *o< h #u # f #�ƾ������������ � ������ �����Ҵ �� � �� ����� ��������
F#ࡱo#ࡱcࡱࡱ~#ࡱpuVࡱࡱ`tࡱࡱࡱ~ࡱࡱࡱࡱࡱhF1#ࡱ_



]- ` # e ##+A%C 9 o F+H##" I37 U\/ r#Vg d 8# #a:8 u}� ������� ������ �� ʜ � �������������� �� ��
܁ ## Eo:## #<#ʘ� �� �� #ࡱ OB` # J#PV# 57#N Iv '%## # [1 + X#ࡱ ## {( WW^ ld !�� � � ��� �� � �� �� � � � � Ӧ �� �
#\ nࡱ # o" |[ o # *̂ - h^D < $E N ! #8 #$#!�� ������� �� �� ƞ�� � ��� ���� ���
ࡱ ���݃ .Mdࡱࡱ,ࡱMࡱ#ࡱࡱ@!kࡱࡱ^ࡱ2ࡱ##ࡱ1AOࡱࡱWࡱࡱࡱwࡱࡱ7ࡱࡱ<ࡱ##3ࡱr##Aࡱࡱ#'ࡱ'ࡱࡱeࡱࡱࡱ##
+C f @ i F# }s l z�� Ɓ� �� �� �� � ��� 원|# y C @aD Q # # B ]#" # E# #̂ l`p# |������� ������������� Ԗ � � ��
4tࡱbx#ࡱࡱ;p3ࡱ#E)ࡱࡱࡱ#ࡱο2#ࡱsࡱU²ࡱ[ࡱࡱf$.ࡱ-ࡱ#&ࡱQࡱ%#5ࡱࡱt#ࡱ$ࡱࡱࡱyࡱVࡱZ]ࡱrnࡱࡱࡱC:ࡱࡱ##
ࡱ?#dO.fOOࡱ?ࡱ|ࡱࡱ'*"ࡱࡱ^ࡱࡱࡱ4ࡱ0ࡱq=ࡱoࡱ
-ࡱ#ࡱ#ࡱ/#cࡱ#ࡱH#ࡱ.#3ࡱࡱ#)#c#ࡱࡱM#ࡱ#ࡱ#ࡱCЅࡱJࡱ#ࡱ#ࡱࡱ$ࡱ:$ࡱࡱࡱ
# z{ w N#$@#o w K g w %#̂ l 33 # *2 \N� ��� ��������������� � �� ˳��� � 6ן�{��� -0ࡱA2##ࡱࡱt0ࡱ-ࡱࡱ
ࡱࡱࡱ+ࡱ$Z|ࡱ`ࡱ,ࡱࡱ## @# 2"#c : ࡱ^ c4 /~ _~ g vttࡱ >#Ą F &I|%#� �� � � � �#���� � �� � � �� � �
#ࡱࡱ#ࡱ#ࡱࡱࡱࡱࡱࡱOࡱࡱ#ࡱࡱ#}~ࡱࡱ#;J0#'ࡱa;2ࡱvࡱ#lLࡱ###ࡱࡱ6ࡱࡱ:ࡱvࡱzࡱࡱa5#ࡱ#ࡱ:ࡱ^ࡱ#ࡱ\ࡱࡱeࡱQࡱ:ࡱ#ࡱ#Fࡱ%
Clࡱࡱwࡱ#ࡱࡱ=ࡱ0pࡱ<ࡱࡱࡱ##ࡱ# 7ࡱ#y#++ࡱ»Pࡱ3ࡱm3HQࡱQࡱo3=[ࡱࡱࡱ~ࡱ



D`@#H3ࡱ@u;4ࡱJhA@/#ࡱ,ࡱ|ࡱࡱlTc#ࡱࡱ4ࡱࡱࡱ]"ࡱࡱࡱqࡱࡱࡱࡱࡱࡱ#ࡱ?ࡱ#*#ࡱ#ࡱࡱࡱࡱHࡱuࡱࡱࡱ$@#$@#oࡱ#
#$#ࡱ$oJ#$@#mࡱࡱࡱࡱ%



S# o7 i 1 #3 * # ?� � ���� ����Ȭ� �
% m s| # A X������ �����Ԙ Wࡱq#b###1ࡱࡱ#2ࡱoKࡱ#t#ࡱࡱࡱࡱ#ࡱࡱࡱࡱࡱ-ࡱࡱFࡱࡱࡱࡱ#ࡱࡱ/##_}u||o0#ࡱࡱࡱ/ࡱࡱ歮#ࡱ#ࡱࡱD ۪ �\ 3 O$# hx A" #n #ÿM *H Y@)@/ T > # wZ#P #��� �֊��� � � � ��� � �� � ѣ � � �� ��

DࡱࡱࡱࡱΑ#=ࡱࡱࡱ`ࡱX-/gࡱ:ࡱ|ࡱ>ࡱࡱ#&E#{c%fuY#ࡱH#ࡱࡱࡱࡱB9ࡱࡱ#M_ࡱBࡱ-Bࡱࡱ@bq#ࡱࡱ}e^ࡱ7ࡱkࡱ/ࡱ
ࡱ q $@#$ A# # Al##A#$@# # #+#4kC> 6r Jࡱ *# $ #� � �� � � � � � � � � � �� � Ӣ� O*#ڢ�

#qࡱࡱࡱࡱ<#ࡱ@ࡱࡱ#����ࡱ ࡱpࡱ#ۨ
ࡱࡱ>;ࡱ*ࡱࡱࡱI8ࡱࡱw##yࡱ#ࡱࡱࡱ
#�롆�ࡱࡱ[{ࡱࡱࡱ##ࡱࡱ'3ࡱ>ࡱࡱBࡱ#ࡱ#ࡱGࡱࡱwٹࡱ0`#ࡱ#Q[}ࡱࡱ D# # ` #H\ _ #@ 5b Q` O #�� � � � ��թ � �� � � � �

lࡱ#ࡱ"Zࡱࡱࡱ#ࡱSVࡱࡱ##ࡱx(ࡱࡱ#Tࡱ#ࡱ\#ࡱࡱKi:9ࡱࡱUࡱFࡱࡱ \ #� � #7ߴ S#UࡱࡱࡱcࡱE5,ࡱ#.#ࡱࡱSࡱ](ࡱࡱ=䡤#
.ࡱࡱiࡱࡱ z ࡱ# # 2= u� � �� ���� �� ���݁ ?
w#v7(#7t Y f 2 ] v#[ub# #n## # 2n# # \ Jn " i B# l#-)~ ] p� �� � � ʕ � � � � � �� � � �� � � �� �  #FࡱßCࡱ#Uࡱ�
##h;#J#m8ࡱ#ࡱࡱ## #~ࡱ#ࡱ @ Rs z ## H# W D % T * W _ t% k ࡱࡱࡱ .�� ��� �Ҵ ���������� ���� �ࡱ^Q#ࡱࡱ#$߱ ߳



<3 mb @#/# <~> #3#K# !j# ! { { # ࡱ P_#ࡱ !Ϫ �� � ��� �� � ������� �� � � � ����
#]Gࡱ-ࡱ{ࡱࡱࡱbvࡱ>>q`=(*ࡱ<T)Cࡱz'OX77ࡱࡱࡱࡱ7ࡱkoࡱ)ࡱYࡱ#ࡱvࡱࡱ'S#@ࡱ##e혅##ࡱ#<#bࡱࡱࡱ#}^ࡱ##s#ࡱࡱ



MUބࡱࡱࡱh#hāࡱࡱCUࡱࡱࡱPࡱ7ࡱࡱ#Aࡱ;#zࡱ`sࡱ # ## c; U#>q 5r (l<D Q sUž #+uD# Pz #P # =��� � � � �� � � �Ȯ� �� � � ��� �
aࡱࡱ7#^ࡱ#ࡱࡱexࡱࡱIࡱ*#eCࡱXࡱࡱࡱ;ࡱࡱࡱ0ࡱЬ2ࡱࡱ:ࡱc@#HࡱࡱࡱgUࡱࡱࡱࡱ^ࡱIࡱu?[ࡱ9#ࡱ`ࡱࡱࡱࡱࡱࡱ ࡱࡱࡱXBTߥ



#|ܟࡱࡱ% #ࡱ @%ࡱࡱࡱ )ࡱ#ࡱ@ࡱ#结ࡱࡱࡱ  fxࡱࡱ ࡱyQItࡱ #.#ࡱ`
PE#ࡱUࡱ#`J##ࡱEDࡱࡱࡱࡱjdvࡱu]#xࡱ)##ࡱࡱL#$Dࡱࡱࡱ
8ĥ r zr6 wg ^q9ࡱ# ####U 1 @ # | F & D # *# ^ &8 &# ##L#D [Ŝ #% j� � �� � � � � ��������� ���� Ա� � ��� � �������
ࡱ #JPࡱZࡱ&ࡱ##@?ࡱ2ࡱ#ࡱanࡱࡱeyࡱ



%#o R#P >l zZ#Pj # #�� ��� ��� Ǖ � R��ۯ� ## L #-O@(Q ࡱࡱ r� Ԡ���� � � ࡱࡱ4#qmࡱ>ࡱ
* ##R 2#Yz<``###x<" +G# # h#W Nw4 #vh # #BN#��� ��� �/� �� � �� ��� ��� � ����

Iࡱ#HDࡱࡱ{ࡱpࡱyࡱࡱࡱ#OIࡱĆfࡱࡱXࡱࡱ #eࡱD ࡱࡱDࡱ*ࡱX#?V#P5<#ࡱH#ࡱࡱ#ࡱࡱ#ࡱ#ࡱ$#@$#Aࡱ#wࡱࡱ
## # N!#H# Bx #rDm #f ~] ࡱ mm.# ? #" # ) ^ ## \ ࡱ >}: a#@ @� � � � � �ɹ � � � � �� � � � � � � � ����� ����ϟ� � � !��� ۼ

5



`ࡱ&@ࡱ
ࡱࡱ#ࡱtp/k#ࡱࡱaࡱ#Qࡱࡱ*#ࡱࡱ{@#Aࡱࡱ7ࡱDࡱࡱ*ࡱࡱ"ࡱ#"\cשࡱࡱuࡱࡱࡱ#ࡱ##mࡱ:ࡱࡱj�ࡱࡱࡱ
t##qQj #%# # Z( c-#4 Ț 7 o#b~ )X O�� ���� �� � � Җ �� � �ʼ � #SJHࡱ#�RŠJ0T煉ࡱࡱࡱ
% z Ao0ࡱ ##: #l # Y M LXuZ _D" #F ,1� � � � ��������� ���� �� � � � ��� Ӷ �
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, , & #L i ##:l� � ��� �� � ʨ�� #@S#*ݤ b ! h E Ĵ c Nar7D F E_ 1 O # |~9_ I� ��Ǆ���� ���� ��� ������� �
% 1 5 ? + U# J�� ��� ϖ� � � � �����
*#5 #o o #{/: . #o X # 4 Q & NH#ec HK ! %L y 0#� ԑ�� ��ǧ��� ���� �������������� ���� ��� �� ?ࡱ۷��

#kࡱ_ࡱOࡱ=+#ࡱ'#ࡱCࡱࡱylWpࡱm8ࡱHࡱ##ࡱeeࡱJࡱ~#ࡱSࡱ (ࡱࡱࡱ#ࡱE|ࡱ#Yࡱࡱࡱࡱe ࡱ0ࡱ]#ࡱ.#



$ h M juU#ř i8%# Q[ :[ $zDz J2 0 j # n� ���� � � �� �� � �Ԙ��������難 N+y#0e?
�����ࡱ#ࡱࡱࡱ # X #q a3b j B7Tv# m qu 1 #> o� � � � � � � � � � � � � � � � �Ɇ ࡱࡱF�ࡱ1ࡱࡱze��ۥࡱF��ࡱ
Y} #][ #Đ# T?W~U n l n #Y Y ^N x## 2V h ��pժࡱࡱ � �� � � � � � �� ��� � � �� �
%mU v o K J# & #6 _ } X X # # ; P # :F #%H \# WR #)E#� �ɺ� � � � � � ���� � � � � � �� �� ƅ� � �� � � �
-ࡱࡱࡱ]ࡱࡱ #c#ࡱࡱ#ࡱ`ࡱ\ࡱࡱFejࡱࡱࡱࡱࡱ#������ޡࡱࡱ#ࡱHࡱwW/9#8#cf{5ࡱxࡱࡱࡱA3;4ࡱࡱࡱࡱࡱ%
x#ࡱ##ࡱ$#ࡱࡱࡱy"ࡱ



} # F ^ >NCqLU f u:G?YZ Hu� � � ���� � �ǯ��� �� 땒� ?ࡱSࡱciࡱࡱࡱࡱ#ࡱ5ࡱࡱ#
vz^ ie PJOj# ]#i d HG # # > D # U pĜ +#p4 Q + L M +j�� � �� � �� � �� � ��� � ���� � �� � �ӝ �� � �� �� ��

% ) # # Y7 kL kj_ -їࡱLok#k~ >/# R | U T"G� � Ɠ�� � ��Ӛ � ��� � ��� ���� � �
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# WP Ĥ B IT ࡱ* K P#w,# t 4| nv t y Dj #Sc b"j = s&&# ќ;O# f ?���� � � � �� ������ �� ����� Ҷ�� � ��� � ���

hV#7ࡱࡱn\# ݅��#sࡱDdࡱ#ࡱ{#ࡱcࡱ&ࡱࡱa#ࡱ#Faࡱࡱ 3am?
ࡱ-6ࡱ#ࡱVࡱࡱࡱ##ࡱࡱHࡱࡱࡱ`HࡱS0ࡱ#ࡱࡱࡱࡱ(##ࡱiࡱD10xࡱ2ࡱ"ࡱ#1 *C < ;" # t1C k 6o�d�� � � � ��� �d҄ Oࡱࡱh>ࡱ#9#ࡱ2ࡱ#ࡱࡱࡱAX#4ࡱࡱ"ࡱPUnIࡱ#ࡱr'ࡱ###ࡱ#mࡱc#kl#<>ࡱpࡱ#ࡱ2#ࡱࡱ#OksAPࡱࡱ*ࡱ#tࡱ,0;ࡱ#p^fࡱ䦸]Hࡱ}ْ

#'ࡱ*ࡱIࡱࡱࡱKࡱHfࡱqࡱc ࡱ!=ࡱ| H@#ࡱࡱࡱ$ࡱN#ࡱࡱ]oࡱ% #
#ࡱ#Y#ࡱSࡱࡱࡱ#ࡱࡱ?Gࡱcࡱ<yPࡱ#B#ࡱ#ࡱࡱࡱNࡱ1#ࡱࡱࡱࡱZࡱvFr0ࡱࡱ&.ࡱࡱ8ࡱ##>

sࡱ . rQ_ c "{ ` 3# #W ^ # OB# % |^ #~ c F#z#T_ D R Jd!5ࡱ -��˗ � � �� ��� � ԑ� � �ϱ ��� � � � �� � ��� �� � �
bq O S jQ<2#qKDz# X-#[ Sa{�� �� � � �榑ࡱࡱ?ژ ࡱuࡱ#
Тxࡱsࡱ#yࡱjࡱࡱࡱࡱ#|.ࡱWࡱࡱ
a%pࡱlB6ࡱ #0ࡱ i#7B # f5 #+ Ib. iࡱ  <+ ?#Dm## #4(O��� � � �� � � � �<�

w J Z## # X \*##m\ n=��� � �!� � � ���� � ��݀d\ࡱࡱࡱࡱpࡱkࡱࡱ_ࡱࡱࡱ=ࡱࡱ( #ࡱ#nࡱ7ࡱ/ࡱm9ࡱࡱ__ࡱ#ࡱ#ࡱbࡱࡱ};ࡱ
ࡱdࡱAࡱ#ࡱ ࡱ$ࡱ>ࡱKࡱ



kvࡱ#,ࡱuࡱࡱࡱ(ࡱ#ࡱg#{6ࡱc ڷ># ࡱ#ࡱxLࡱࡱ@#ޞާ�ڵ #ࡱ2#ࡱࡱ#ࡱ#xࡱࡱ`:-Kࡱ#ࡱxࡱ#qࡱࡱkࡱ#ࡱࡱ#1Vࡱ
#> =#ࡱ _P # dFĚ #7n#_ # 1z�� � ��Ȉ�� ���� �� �� [ܡ� / v u #w! d.#` # k Lz# F>AT . =#��������� � ��Ԋ ��� �� �� �㴺 5G#Cl# L j## g #��� ��ѽ��

s V#`(  ##_K%y(I #� � ǎ � #GࡱࡱM7*ࡱࡱXࡱgࡱUࡱI#ࡱ#ࡱࡱB@#ࡱ/=m;% # ࡱ#ࡱ
qࡱࡱ#ࡱࡱࡱBlm ZH#f쑂#ࡱ#gf#qUࡱ%cࡱVࡱy#rpڴ
⻯v eJ w* ; @A¡ (m ff 7 d(0 ] Q j& # ࡱ >6 [ n # #u �ࡱ/ � � ����ϵ�� � � � � � � �� �� � �� � � � � � 瑎 T#ࡱKࡱĄo
yM+7mࡱ&XࡱUࡱm,`^ࡱࡱࡱࡱࡱpd���ߜࡱࡱࡱ`&>hࡱRࡱ#ࡱࡱࡱ_ࡱ xࡱ#ࡱKmCRࡱ8##5ࡱ##8L$<sࡱࡱࡱ#ࡱࡱnࡱr���ٲ ܔ
7 # T/2 R a #g## l #;# . %�� � � ��Ԩ ��� � � � 艰ࡱࡱࡱࡱ#]#ࡱwࡱ&1ܸ��� o^#,&ࡱࡱࡱFࡱ#ࡱ2  ࡱ`Кt#ࡱࡱYhࡱCࡱ(ࡱࡱࡱuݶ
# 1> 4 s rc t )## # p{s2# #.# , @ 2 # # . ! u#b C# # v  � �� � ��Ϡ� ��� � ��� ���� � �� � � � � � � � �� � ����� ������
b� ����ִ�#Q "_ \ # V| #S "@ ' #Åw #� � � �� � � �� � ��գ���� ��ۧJ% a # e|-o v#bO [ | h ࡱ# #. p (� �ɜ � � � ��� � �ɿ��



Flࡱ ࡱ#8ࡱࡱFࡱࡱࡱfplࡱAࡱFࡱ?>ae]ג#ࡱdࡱࡱࡱQςV^RĤlࡱB#ࡱࡱࡱ#Gࡱ#ࡱࡱ
# $#ࡱv#mࡱࡱࡱࡱࡱ`##M;ࡱ##Dࡱࡱ#ࡱL_(ࡱ9ࡱࡱࡱQࡱyࡱw#ࡱ'##ࡱࡱ#ࡱW#ࡱ#
cࡱࡱࡱGࡱLࡱ&ࡱࡱࡱGࡱࡱࡱ6D\ࡱࡱࡱࡱࡱࡱybࡱ##ࡱ#3>ࡱwࡱbࡱࡱ]ࡱ92ࡱࡱL#1ࡱࡱ#ࡱ

tfeࡱࡱࡱl#ࡱ#$ࡱy)#ࡱIࡱࡱࡱ#ࡱ'ŬZࡱ###tࡱࡱ#W{Dt#όࡱ;ࡱ% 8 1 Z^ ##DM # S##B ] jn Y # $#� �Ư�� �� � �� �� ��� � �� � �
U# w #{9M# #e E8C#i G1 -R#R B+ G h] )D f##J� � � � ��� � �� @�� � � � ��� �
%iFࡱ



E -���ࡱࡱ#ࡱ!ࡱ!.t#ࡱࡱ#ࡱࡱ.iࡱVࡱࡱࡱࡱ%$#ࡱࡱrࡱJࡱ#ࡱ<ࡱ!ࡱ+ࡱࡱ18ࡱ#ࡱࡱ#2##ࡱ``06ࡱࡱw H�ށ
#g m## s x{ S b *v#U%## # ? #ࡱ AQ� � � � �� �Ʈ�� � � ��� �� � ���駟
kr~ࡱࡱ&B##ࡱࡱ'#ࡱ\##aUࡱOࡱࡱ## ࡱࡱvࡱ#/ࡱ>ࡱ#ࡱࡱࡱࡱࡱ#4ࡱ#ࡱQࡱ#ࡱ#CQࡱVM`ࡱ##p#ࡱࡱbࡱ>#ࡱࡱCࡱT#ࡱ#ࡱ#����ٕ
Eࡱc�ܙ#Wa#ࡱ{0#ࡱ\ࡱࡱࡱࡱ#ࡱࡱࡱࡱDࡱ#ࡱࡱࡱ$ࡱ"ࡱ#ࡱ"#/t?ࡱ#ࡱࡱY#ࡱ#ࡱzࡱࡱࡱࡱࡱࡱ+ࡱ#&#ࡱࡱ#ࡱࡱࡱࡱࡱ{> ࡱ`#ࡱࡱJࡱ#ގ
ࡱ':ࡱ~a#dࡱPࡱ ࡱ#$Lfࡱࡱࡱ#I@##x1#eࡱࡱࡱࡱx#ࡱࡱ~#ࡱࡱ# $Kࡱࡱ/▀�؎ࡱࡱ##`ࡱ#;Y#-ࡱ. ב$AJࡱoࡱJࡱࡱࡱ>ززززززززززززززܶ
#7enn# 9 G k 3\#V {$U ࡱ g# #k# T yey [ r[ p(rùf i So # 2 Tࡱ P4J Ù # #������� �ǌ ���� � �� �� � � � ���� � ��� �����
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>[ #M #yℓ U # ?# [ g#>{ ẐT "c ( @jJ# f k 9# ##`, =####u&ࡱ i # s# P� � ���� ��� ��� � �� �� ͳ� � � � ����� �����
fjL0ࡱ



# n% # I r < ( s#f #Z 2 <l*9 Sv 0#"##� ɤ ����� �� ���� �� ��



ࡱ #F# !ࡱ#ࡱ
# [ࡱ f� kI ������



# I J6 O' ql Bo l # #_##r### -<0kVf # PP# # \H#WS<��� � � � � Պ ��� �� � հ ��� � �� ���� ࡱt@ࡱࡱ ] #�� ޣ�
1YࡱMࡱࡱ#Gࡱࡱ8ࡱK l#ࡱd6ࡱࡱࡱ#.ࡱ#;6###ࡱ}ࡱ[WࡱĽ ࡱ S!ࡱ#ࡱ



zࡱࡱࡱࡱࡱ6#ࡱࡱࡱ)ࡱ obHM堋ࡱࡱKࡱ^ࡱࡱࡱÄVࡱQz#*ࡱ#ࡱ`#&ࡱUM#ࡱ7#ࡱࡱwh!ࡱࡱRWؿ V#ࡱ#ࡱ#ࡱࡱ#N4ࡱࡱ4ࡱ-ZN-
 ࡱLࡱࡱ@ࡱࡱ\#&��껬ࡱ#)ࡱ1ࡱ#ࡱࡱ`ip%UࡱLࡱࡱ<ࡱ#ࡱgࡱࡱ#,ࡱࡱࡱg(ࡱ#�hܴࡱ=+#�ڃࡱ#n\ࡱࡱ|ࡱ\
sࡱvࡱ#ࡱ#7Gࡱ#ࡱࡱ0_ࡱࡱ#Cࡱ
# # Do ;Hv#NV#pn[ [+ ( Rdt#S +o#^ Z# u k L������� � � � �� �� �������� gxࡱ##ࡱ]ࡱ#ࡱYࡱࡱuࡱࡱ@&ࡱn

HRArڶ�پgࡱ9ࡱࡱ/\cࡱࡱࡱࡱ/ࡱࡱࡱࡱࡱࡱࡱx.ࡱࡱAࡱ#Nࡱ9ࡱ#=~ࡱ##ࡱoࡱࡱࡱࡱࡱࡱࡱࡱࡱࡱࡱࡱ # % h6 # D e#~ #Ƚ � �� � � ��� � �
#\jJ!Sࡱ##yࡱ`ࡱ####ࡱ:ࡱUqࡱࡱ#/j{ࡱ
Bࡱࡱ



iࡱM##ڂ�ůࡱ "d p U e Z ~6 # #E! u#� � � � �Ƕ � � � � ࡱ
oࡱbj#IgࡱࡱࡱࡱDTxࡱࡱࡱ
ࡱࡱDࡱ#ࡱࡱ0###ࡱMd4ࡱࡱ#<~=#ࡱ>os&ࡱmࡱ/#%ࡱ#ࡱ.�⻯]Tg#@R###CࡱwNaIZOࡱࡱࡱdࡱࡱࡱ#
%~ s9g #x # ## c<v( 9# ##.o d9B # w K6 o #% # Ra Tࡱ #### ] #� � �� � � � �� ��խ�� ��� ���� � ����� ���
o.Gݎ m M >S / $ $8 3 a{ '���� �ԃ����� ��� ��������ީ T-
-ࡱࡱࡱࡱࡱ#ࡱJ^ࡱLࡱ5ࡱ##/mࡱࡱn=ࡱ#ࡱNzࡱࡱࡱHࡱ#R:#r`5ࡱࡱх`xࡱࡱࡱࡱࡱ1ࡱbࡱ#OࡱࡱPf0#ࡱࡱY#Iࡱࡱ;ࡱ
#qT : , j2Ge\ +# ~T/2 #" ~##x @+` A u= Fa#.# # #~( & [[ M # 4 e # H#� Ǔ �� � �� � ��� � ���� � ��� ����� ������ n�����

0 !- P & 9! p h#J :# i?� �� �ȇ� � � �� �� � ࡱVࡱࡱ#1ࡱ,ࡱ#ࡱࡱࡱࡱ6ࡱࡱDtࡱ2ࡱZࡱࡱࡱ||d#ࡱ^f"ࡱ\ࡱ#



 ࡱzS3s##3jJࡱVT6ࡱ@ࡱࡱdࡱࡱEࡱࡱeࡱࡱyࡱξ#ࡱࡱ
O# ࡱ Â1ZE 2:X# v5 B ^,' bv#* ## ) ` #{οx # #_ 9"T# G $ % `� �� �Ӄ�� � � � �� ��� �� �� ��� � � � � � � ������ ࡱ
ࡱ#ࡱࡱ+##ࡱe æ#-!oࡱࡱ#ldvࡱq##ࡱ|cvࡱࡱcࡱM-ࡱPࡱ
*ࡱࡱx#ࡱ5ࡱࡱ-,ࡱࡱŞшࡱࡱ#-ࡱࡱ
#ࡱzࡱB"WࡱࡱࡱVࡱࡱࡱ#*QࡱAࡱࡱ#ࡱW&m&ࡱࡱuࡱ$ֵ�ࡱ{ࡱDmlx3ࡱUbࡱ



L N+û `N UD ]##2`* !# y *C- =###E <>i >n #h 5��Զ� �� �� � ��� � � � � � �� Ռ� ���֞w곦�$#ࡱࡱpࡱ



4|#ࡱ##ࡱࡱ L�ڴ # $aq  9ku ##� ԁ ��Ʋ � lࡱࡱࡱ]ࡱ#���لࡱ##ࡱࡱ3#ࡱࡱࡱa##ࡱࡱࡱ#Yࡱ
^ ## ` # V i /# H 4Ï Yց �� ���� � � ���� ��� � � ��� � !ࡱࡱࡱ#ࡱࡱVࡱ2`ࡱࡱ*#ࡱࡱW#ࡱ#@ࡱ#ࡱࡱࡱ
_I@ࡱ_MWࡱ=ࡱࡱ#ࡱ`ࡱ#ࡱ+ࡱ;ࡱjࡱK##7##ࡱ)ࡱHkࡱࡱ#ࡱ�S# Es 2h| \2 #2 V 2 # e � �� � � ������ԁ
# 7#l@# # o f ( #*AKF Ї j 9 # "u#?1ӡ � � ���� �������



# #j A[ n8 F W ok#X 8`Ì K ,0, G #*~ #4 P){ e 3���� � ����� ����� � � �� �� ���� �� ���Ƶ
#ࡱLCࡱࡱ<QࡱࡱHkࡱ-#ࡱtࡱ #WࡱG#ࡱyࡱ##ࡱ=ࡱ#=ࡱ9kࡱgXࡱࡱOࡱ==ࡱnࡱࡱࡱࡱyࡱ



#Pqࡱ#ࡱf*7-ࡱlࡱ �� ܺ Z { A O h #���ͳ�����
C ] [B\3 #y !D QR # ## tj# ##-V� � �� �� � � � � �� Ә



c">7֓;Rࡱ _X 4# 1# # G \ sL0  ̂� � � �� ө c]�
# I E } d# XT� � ���� � ��ԧ� �۲�C)3ࡱࡱ.7ࡱࡱYaࡱ{S[ࡱ#ࡱxk#ࡱࡱࡱ*Nࡱ#p#/#ࡱࡱ%ࡱ#6ࡱࡱ#%#ࡱࡱࡱࡱi#ࡱࡱl<
?ְ##ࡱ:ࡱࡱ#b|#ࡱ$ߠ�ܣࡱAXT/Sࡱ`ࡱj#+<Vࡱ_ࡱ-#}ࡱ7ࡱh##Pgࡱ{ࡱࡱࡱ##ࡱ#=Rه ࡱņࡱmࡱ0?##4ࡱ
## W ##vfE~#Hth ## ZXC ## j 4#/ #%U # X| y/ O %#� �� � �� � � � � �❜ � � ��� ����
ࡱ@.###ࡱY{IS}ࡱࡱeࡱࡱ2/#ࡱࡱ6ࡱ}#ࡱ Aࡱࡱࡱ#ࡱࡱJ0##+Pࡱ##ࡱ#
=ࡱ ࡱ p1ࡱࡱ`ࡱ##ࡱࡱࡱ
2 u|, # A DT #e c 2 T * ] $ # R qX+% #  � ��� �� � � � � ȉ�� �� � �� � � � � X���Xz 5م� żࡱd#9ࡱzDࡱl#



8z
#Yࡱ&ࡱyxz`G5#ࡱ1ࡱࡱࡱࡱࡱmyࡱ.ࡱࡱࡱࡱࡱAࡱࡱÜŴyࡱ
N 1 aj # ! m#@ # n #J" ,S3Z+ F z / t8# 9 # $ P #31#� � � � � �� �փ � �� � � � � ����� ��� � � �� ��� �
:;#



dࡱ#m#ࡱ>ࡱ6ࡱPb%ࡱ#ࡱtࡱࡱ#ࡱ#X%##ࡱࡱ#Lࡱceࡱuࡱ8ࡱࡱ=##ࡱiࡱࡱࡱࡱŲࡱࡱࡱࡱ\ࡱ
aWp-ࡱ]ࡱࡱࡱࡱ#0ࡱࡱࡱࡱ####ࡱr{"n#]ࡱ#8ࡱ#ࡱ##ࡱr.ࡱ#ࡱ#ࡱ,ࡱࡱࡱa##xࡱࡱࡱ9&ࡱࡱ#ࡱ7Gࡱ##Oࡱࡱࡱ#8#=#

 ;ࡱࡱ#Geࡱ%



V2ࡱࡱࡱ#ࡱ#)
- )S###[ ]#? Z Z ( ŔN h ࡱ# & A1#71 e BN ( ? O u [8# !����� � � � ����S) � � � � � ��� ���� � � � �� � ��
; 17; U A #n# 7 # # dm� �� �� �� � � � �ɣ � <tࡱࡱ#>#



ࡱ #0#4 #/ S )=U # 1 -7 # pn Kfo  Z l I q#6i ). n S UL|� ��� � ��� � �� � ����� ���� � � � ��� � �� �������������� �
ňP[Tࡱ\*ࡱ#ࡱEࡱࡱ#ࡱ!ࡱࡱ,æࡱ6ࡱ9#ࡱࡱ#oJ#؎##ࡱ*ࡱyࡱpࡱl#HbWࡱvࡱtc2G#[#ࡱࡱēࡱࡱࡱࡱkࡱࡱࡱ||
= p D#U#H t ## pK� � � ��� �ͳ��
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ON U*vT # _Y ^ I 4 " t # e # j WnN u zUj # T \4 ẑ ;U M Y um 4W5j Xj\� ��� ����������������� ��� ��� � � ����� � � ә�
TUhR" #j1 #& j * x #l hq q f) l 7 @LO Q S� � � � �Ϳ � � �� � �� ���ӵ � � � �澻���#ࡱn$ࡱࡱRࡱࡱࡱࡱࡱ�W

_[�Tٙࡱࡱࡱࡱ]l>U��ݺ?>ࡱ\]ࡱࡱ+ࡱ#:ࡱJ9&Iࡱࡱoࡱ +, O#P _ W 2 M/^: ## # ."?�~T �� ����� �� � ���� � � �
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# =П Ì 9i o]( # u#~ ;l<Z ࡱ =# 8v K =g 8<# q̂ } # ? ࡱ ,q{[ %8 # # ?���� �� �� � �� � ���� � Ǔ� �Ʋ�� � ������� � �� Ɵ

#枊���Yࡱ=H#ࡱࡱlþࡱ-ࡱࡱ^ࡱࡱoࡱ#D#ࡱࡱ#(#ࡱlࡱࡱjࡱࡱPࡱࡱ4ࡱ#/ࡱyHࡱ9 <##dࡱ#3 a Q_ | ?K/7s7 #� � ��� � ��� � ��
v m u # x### (Qa U vs 2 fn1 S \H#f #L~# ]##c 3 ` d x ##R ## 3� ��� � ��� ���� �� � ƀ ������������ � ��
/h q c O <y ##.\ x S ##A @h ## Ha Vdw# " #9g���� ���� �� � �ԩ � � �� � � � � 띷#ࡱ.ࡱ#ࡱࡱ#ࡱ#ࡱ#ࡱ7ࡱࡱoࡱ#ࡱ#?

Gࡱnࡱࡱ?#[ࡱ#ࡱࡱ1ࡱ#6ࡱ ? H ,&U3#c v %X } e� �� ������� � ʒ���
T #o # c#@ # O /M+# # Z## p& ( _0 /# QI : C // I� �� � ��� � Մ ��� � ���� � � �� � �� � � �� �ޒ Cr #*HzMY# ǉ� �
#ߠࡱ8F>Eࡱࡱࡱ#$0` Ϋ re# u n "Ν#T_ # # V 1̂ [F p R 8mm ������ ������ ���� �����
'Rr,ࡱ#ࡱ,.iࡱ:Lࡱ&#ࡱG2ࡱ_ࡱࡱࡱ#ࡱࡱࡱ#Eࡱࡱ ࡱ+ࡱ

## # # &# I(8 +Wࡱ # s # # aࡱ y :PW ^ #ew#| # # # w�� � � � ���� ��ʕ �� ��� ǎ � � Ʉ���� � � � ���� ���� � �ӎ
t# C } L# # :4 V? ν t u#Q ##3^ ~ 7^Zy��� � � � � �� � � � � � ɚ �

ſݻࡱࡱࡱw#KXG|ࡱࡱࡱF(�ڼࡱ<ࡱ)ࡱ8ࡱࡱ}ࡱࡱ V # /�o ʺ �������o�
#6ࡱࡱࡱ=ࡱNࡱfuI-ࡱࡱࡱ ?�ۏ
twI#'ࡱࡱhࡱࡱ`ࡱ.ࡱࡱn7ࡱࡱࡱࡱRࡱࡱࡱa4#ࡱr#ࡱࡱࡱࡱ;uࡱࡱ{ࡱ'2ࡱ#kࡱࡱ#ࡱ(Oࡱࡱ,LࡱY.#]ࡱࡱR36r#}[ڒ
m#煊;#ࡱࡱࡱࡱVwS}ࡱhࡱ#ࡱ#Js#ࡱoࡱ9 DZࡱࡱfࡱࡱ4ࡱ#ࡱࡱX<#5K?.#ࡱࡱ2ࡱ.-ࡱwࡱࡱࡱ#xࡱ^ࡱࡱࡱࡱࡱ|

# } K #H# _ ࡱ_ #W# e## B## #f ' Yi��� �� � � �� ��� � ӧ� � �� �� �� ����֭ r�ع# yɝ��߬���]#]#]#;+ࡱ#ࡱࡱYࡱࡱw
LI # hb_` # 5W # < QW GO> #H%6;I f{k# ? /#z#?8% , ##R O /|�� �ɐ �� �Ȯ����� � �� � � � � � �� �� � � � ����ӻ

ࡱXࡱࡱ#ࡱe{ࡱ#ࡱmࡱࡱ1#ࡱ8ࡱsࡱࡱ#gࡱ ࡱA�ڞࡱ #=� 6ߊ� # [ y o'B Y \# NS e5 #� � �� �Ӝ� �� Կ � � � �٥;6#b؛ࡱ�ү
#qDLx#ࡱࡱ{ࡱࡱࡱ`ࡱǿ#;ࡱGM+1ࡱL`ࡱࡱࡱi)Z?&�ࡱ ֝�m t # bT R#~ > 6 #A& $��� �қ�� �� � �� �� � �
O�ٳࡱࡱ|ࡱ^#ࡱ##ࡱࡱࡱࡱ#ࡱ{ࡱmqࡱ$#8# &I s#.^ s N >u є� ��� ���ʹ � � ��



(tࡱ#zࡱࡱ/ࡱ#ࡱࡱn Kt#ࡱcٖ��ࡱRࡱࡱࡱ#ࡱ"##ࡱ#ࡱDࡱy]8#ࡱ_#ࡱࡱ#ࡱࡱ&ࡱࡱࡱ@w#ࡱ#ࡱ#ࡱࡱ#ࡱ#ࡱ#ࡱ{ࡱࡱTࡱࡱzࡱNࡱCeࡱࡱ.�݊
Ӗ



7 ee sŝZ? I# 2 c '#:qᴘ � ֏ � �� � � ���
~ / 7#E }x_ ~ f< m( Lac E j ( ~X S4 #\;P T R J b 7 # # |j Z |� �� � ����� ���� � ���ɋ�� � � � �������� ��ɩ��������

G # ICm G1 E#m v k ##= #f#� �� �� � � � Ȯ� �� ࡱob;��ܞ



ࡱaࡱw0#ࡱvࡱxࡱࡱ2#ࡱYHאࡱ#yࡱ.
ࡱࡱ###Pࡱࡱ#% ;#ࡱOࡱKࡱࡱࡱ/ࡱ?gΟࡱ#Rࡱ#ࡱŏ~ࡱ_ࡱGࡱࡱࡱࡱࡱ|ࡱK�ࡱࡱ#ࡱVp+Iqࡱࡱ#
璭ࡱ|#61ࡱࡱ+uࡱࡱf'ࡱࡱ wߥࡱࡱKࡱKࡱK ໓@w#|w]ڿ;#[ࡱ%ࡱࡱ#ࡱ����IࡱXࡱ*Hns oOࡱ$DOࡱ4ࡱ}ࡱ%#iࡱࡱࡱM��ݶ
=���컢.ࡱࡱGࡱࡱࡱࡱ7ࡱࡱtࡱࡱYࡱJjࡱP#/ࡱJ$4ࡱࡱP#ࡱࡱlࡱࡱࡱrw1ࡱࡱdࡱrࡱ d# TY/^ q�� ��� � �ԩ�
~�ڎ#{Xࡱࡱࡱ]ࡱEࡱzࡱ#@#`;ࡱࡱ @ # \#+ Q }2## ## 'O <} B_r } x :# # 9s# @r###:#5@@��� �� � � � � ��ɓ � � � �� � ��� � �
#ࡱXcaࡱ#ࡱ- ����֭ # f r # % % % # . o { ## #`G Ċ. XhI#( F# +[� � ��� � � � � �� � ��� � � � � ��� � � ܸ��}!
1 # #c ¹ }/6 # q##J} q2 X K# R~,@ *# OT_I #��� �ǖ ��� ���˟� � ��� �� � ��� �� �� ����� ��

Th # #)#/# =# [ # ķ # |ࡱ M ࡱ o #% |B Ï #0 G\#b##������ �� � ������ ������ � � ���Ɉ �
9 #� ǋ��ࡱ{ p . A# #8zLe# # D # D u+ #� � ��ӧ � �� � � � � �� ���ٰ zࡱࡱࡱ{ࡱ#w t t s_#[ࡱ%ࡱࡱࡱࡱg`#ࡱ#ࡱ



ࡱLBࡱ#���ֽ�B#(wࡱࡱࡱ>��柨ࡱaࡱ3ࡱEf+#,#�ٵࡱ'ࡱࡱࡱ"|ࡱ^ࡱ#t-ࡱࡱࡱࡱ)ࡱࡱࡱࡱ/ࡱ;ࡱࡱ?ࡱࡱ#ࡱࡱ
ࡱcࡱࡱ##ࡱ#8xࡱ#S[ࡱࡱࡱBࡱࡱࡱZ##%Aࡱ{ࡱࡱ;#ࡱfࡱࡱ<ࡱ#ࡱࡱnࡱࡱ#ࡱdࡱ

?Dg[8 # cAu k L N ##Z #c wO L## # c # c # # ={#P# # #8t +E� � �� ���� �� �� �� � � Ϟ� �� � �� ��� � � � � ��
a ]# d cࡱ z X # # # # # ? @G# h o 9ࡱ [ p 96 d j #2 uχ ? {:���� �� ������������ʿ� �� � ������ ��� � �����

3Yࡱࡱࡱ8ࡱb#CAࡱBࡱ#oû#ࡱࡱ^ࡱ7ࡱ#ࡱfࡱWࡱࡱࡱࡱ{ܶ�ࡱࡱࡱ#ࡱ3ࡱࡱ]{ࡱ&ࡱ|ࡱࡱࡱ=ࡱgࡱ6ࡱUࡱࡱ
gࡱ OG Pi j #Pࡱ L v r ##��� ����� ��� Ƹ



tࡱࡱqࡱࡱ,oࡱA#Iࡱࡱ



ࡱ



ࡱF\ࡱ8ࡱ
# ## # 2 I ࡱ>\.## # # ��R#mࡱࡱ � � �� ��� � ���ǎ � � ީ#Bࡱࡱ.�݊ y; ~ . . . o, # # # I #v # 7@ <:6E�� ղ � � � � �� �� � �� �� �� � �
> # u` c C?#þ~~ -u c # SP j Y r# ࡱ (z@ S]o#!w # #' #� � ��� � � �� �� �� ���� � �� �� � Ց� � �� � � ��
% sy # # +6} -, p # 1 B _� �� � �� � �� �ռ � �� � � rࡱࡱ#,ࡱ#ࡱࡱ.ࡱ~ࡱࡱ#ࡱnyࡱࡱ ֘t3Y5 = ! wϟ � ���  ޅ�
# # +W \ t N �ࡱ �� � � ���ӧ � 6#+(ࡱ_ ����֭ # f y # % %� � ��� � � � �
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#0W R * f2 j i# e Ẑ<Z kC# s/ ! $ < # #~; U i�� ���� ���� �� ��� � �������� ������泶# #} 3V -� �� ��
C# 5 0&_#+ # K Oy #p cJ[��� ����# ���� ���� �� �



4f, !� ���
zࡱ dim # 0 P V uK- H G8 #Q' # (] eQ# c� �� ����������� ��� � �� � ��



΅ ^ #uPMF # F94 #L#| Pt##����� ��� � �



c # ff h RS d m G >{P ) *����� ������ �������� ��� 9ݹ W L 29]1YVf ~ #Ê #��� � � ��
d#  #��
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 # c`$Tࡱ #o V Ẑ 6F p�� � ��� ��룗 # # ## ## P������ � ;ࡱ�� } yA :���� �˨�



Jࡱ C Ax� ����� ��



6&F# ' g# # ^ #� �� �����������



,,4 I # # # ## #!l# R# # #i +m r#U.GG n # s# v : *b G U 7##p:iY ?����������� �� � �� � � � ������ ����� �����ǐ� �
## ## X k 0 M X̂ # Q8F 'T N "+#J# h� � ������ ��� � ��� !أ�����

V=# C# #" &:x 5#c I #S ;/#/### # #p E "#� ��� � �� ��� � ����� ȓ� �ʤ��



B # & #G :K, # 4A ### \ P& = %#"#15# Qࡱ )#M#{ pC #������ ���� � ����� �� � �� � ���
' # # ja v##\ SSDq G Đ\S#5#j ) G S X####j > #B . ������ � �� ��� ����ҁ��� � � �ӭ��

f #. # # + <# s̀or. E # e #$R� ������� � �� ԕ���
#; # O5#;S5 a =#��� �� ���� 琢" W0 K� � mb׳ c $ 0 u = %̂@# jࡱG#<Z� �������� � 腰��%

[ #KT j� � ֕Y p 8(' 5 #T ࡱ" #Qࡱ #� �� �� � ��ɷ� ���Ӻ
` xw w'^1/@z m a# #/# ࡱ n ## z# P@ 5 ńF# 7o R$h�� � ӊ���� � ����� �� � ���� ��� � �# d, -# EF X## f���� � � � ���

M ( #̂ j #H c Õ[ B #� ��� ��� � ɋ ����



���ࡱ
+ = ~A # U#| R&k l <_#X g<1Q G D 0* ������ ����� � ������ � ���������

1 'P # #r_C # Rࡱ+ &W Z S]l { ࡱ @<H {#p0q * $ a # #|� ���� ����� � �� ���#������ � � ���� ���˾ �t�ܗ



#< ( 9 )̂ i # a # #En,u q������ ����� ���� ##e#^ d WXN# # _ !qmu### " ˚  �� ���� ���� � ��
)0 <AJ 0v # á =�� Ԋ � ���



]e J# pŔ , ,< c # b #w # #|rU# # Y bI22 {�� �Ȭ � ���� � ��� �� ����� �����߮] Z ࡱ % .$ #lE |� ����� � �
êrVࡱU}x ࡱ v>F Q s nm ] b#* O* A 14P # ό M ,.��� ���� ������� ���������� �� � �� �����



| npuM( B}v N ?1 #ZCT #+ j B s ? #:A# P5ࡱS 7[ ; = ' #/ UD -���� �������� �� �� � ������ � � ������� �� ɝ�
Gg:w U / + 9#, ; 6 =- $ ѝ ## HTJE4 v) <0 ##%#^ # 7Ny *# q _������������ ��� ���� �� �� � � � �� ����� �����
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[u& ]x # O - Z M#! Fgࡱ O 7ô { 5e ] &� � ������ � ������� ��� ��쩮 F# qeP�

8Mh P s dxMC: ё # # #.GH##M#���� ����� � p# D ! B����� _>#>##!o ##s#�
#���߃ en , E X# 4 h #d h ) st / ##?~�� ���� ���� ������ Ȭ���� ⻯�<0 * yg 6>?���� � �
B@�
o B A���� " t# T ## X~## # C #8 #5!�� ��� � ���� �� 4B/F A[� �

2 i +##p , 1 5#L# #8FΝ # v������ ���� � ��
} x % & # #xn#x## ;f : ##!z IiV * ,!�������� �� ���� � �����
H # Mk J Ne # 5QMr9 ## h hM5 g {9#s4 #U¯ࡱ~ 6I 3 G, !v��� ��� �� � ��� ���� � � �� �& ) �
_##Z5 ė #̂ # U# ~h 5� ��� ���� � ��՚� x��

c , . A # Yx af) Ta n## ##$ bQa]) N# ~a#@##Dx#Oa # h## # #� ��������� � � � � �� �� �� ������� ��퇇 e����
{~���ࡱ #k0 1 0�� #ܨ������� {x r p# / c. # 8  [ ? , }E ? �ࡱࡱࡱ ���� �� ������������� �� ӳ�⻯�
u=�ڪ V\QD PR#*k e #y ## g|, #### B # 7#t#&q 7 W t� �� � �� � � � Ӓ������ ����坍ࡱ ��#ࡱ
0 D# ##`Ƚ � � xޠ ^ : -#%NP * K� ��� �����덉�ࡱg n s[I x # ## #� ��� ��� ���



 #l K x#Ic:# Kmgn _~ #M_3 "3F ?w # 5 U ` #I rZr+#N 1Y Y EO fVTj]� ��� � ��� �� � � �������� � � �� ��



q 7 , !#f������ �
(#6 z!� 7ܨ��
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v # t ĵ Oz # # # K w#ha ?������ � �������� �
J { ## u #L#tA } r#V# xr n# 3y #E&> N mA uCia#vpA n#AhJ����� ��� ���� � � �� �� ���� � � ���

% q##*6'&s #_J 6 2#{0## : D +z#tg g RT $#R uQ R # +#� ��� ���� ����� �� � � ����
9 #Yn## 8W n#fI JwVz#{#+R ? 0#2ࡱ # B _#>~ H ?# ##!jRU I+l m# HU ;��� � � � ���� ����� �� � � �� � ��

+< ' {e#d#<c#Tc� ���� �創 cf# ;#WyO# #S tZ^ Wm B##M= KE #h* 3 E#ࡱ -Ҿ � � � ��� ��ǀ � ��� �
S # U i $̂ # # # ? #+#=[ [ [ - C E :' : : m -A }�������� ����� �� ��� ����� � � ����

%## e p"# \#{#w# G +n n? # , 4on# - ! j#L m## [ #� �� �� � �� � ����� ��� ���� ���
e pP�� S " l4eH\� � �

t[\#6t��� �
*IhS##! XW , @ [ n��� ��� Ks=#ࡱ�������� 9r) ## q G ࡱ _ #̂� � ������������� �



# Л7o~����� �嗿���pO` @# x Q o} #Ls # y # #? # # % & #U [>& n r.3� ������ �� ��Ҭ��� ��Ƙ����� � ����� �  ᇚ ##�
R I |� �

#RU S I mZm ga 4 j # # # #n # # # #0 # ) $ B # hY 1 #  QU?UJ� �� � ���������� �������ʂ� ����������� ������Ր����
: 7 :(U\##ࡱ ࡱ# J q x3 #U#ࡱ 1 2 THe~ X V# U *a #D #� ��� �� ��� �� ����� ������ �� � ����

' ( #c= }B SX#^ $###w w } F'Rd CE #F e��������� � � � � �� ��������� ��� ��쳆���
⻯v#l#F . w # # a#(# # jZ# # 2## # OM1 B #������� ������� ��� � �� ����



mBA R &# Eu #3S=q  { &#,[ [ - c r c J9 " | t (̀ * ;=� � �� � � �� ������ ��������� ��� �菘
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