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#H###### (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

HEHBH IR HBH R 2HAH , # H#Hr#i#gRh#t#, # #wih#L1#CH#h# HwHaH#SH, # HyH#HORUH
#k#n#o#wH, # #HvH#eHr#y# #HsHi#m#i#l#a#r# #t#Ho# #HwHh#a#t# #Hy#Ho#Hu# #h#ta#d# #i#n# #Hi#h#te#
#cHattsHe#t #Ho#T# #Ha# #HwHattvHe# #He#tq#uHa#t#i#o#n# #HTHOHIr# #Hi#th#te# #He#l#eHcHtHr#iHCH
#T#iste#lad#, # #b#uHtE #n#oHwh #THOHIr# #t#h#1#HSH #CHaHsHe# #HyHOHUH# #h#ta#vHe# ##'"2#AH#
#+# #HKAOH2HAH . # #THh#i#SH #i#s# #1i#n# #t#h#e# #THr#eHqiUHeHNHCHYH #A#HOHMBA#IANH, #
#Hr#i#gh#h#t#?24 #SH#Ho# #i#n# #t#h#te# #t#i#m#e# HAHO#mM#a#i#n#, # #Ho#TH #HcHOHUHr#SHeH, #
#t#h#titts#t #KHOH2H#AH #Ha#cHt#uHta#l#l#y# H#HoHo#m#te#sH Ha#tbHo#u#t# #b#y#H #h#a#vH#i#n#gH
#t#th#tiths# #HOHOHOHOH# #HOHe#H1H2# HAH/HAHeH1H# #HEH2# . # #HSHOH# #Hwih#e#n# #y#Ho#u# #t#a#tk#e#
#t#h#i#ts# #Ho#n#e# #Hi#n#t#o# #Ht#h#te#t #T#Hr#e#qHuHe#n#cHy# #HA#oHmMH#a#i#NH #nHOH#r#
#r#aftt#hitedtr#t #t#th#etirdest #wHi#l#l# #b#e# #a#t #m#i#n#tu#sH# #s#i#g#n# #h#tetirHe#, #
#s#Ho# #wih#e#n# #yHo#u# #i#takk#e# #t#h#i#sH#H #Hi#n#t#HO# #t#h#e# #HTHr#e#qHuHeH#NH#HCHYH
#d#O#MBaHRLIHNE, # #HyHOHUH 'HriteH HQHORIHNHQH HUHOH HoHe#t# HOH2HGHOHGHOH, # HwHh#i#cH#h#
#wie# #hita#tvite# #l#a#tb#e#l#l#te#td#t #i#tt# #Ha#ts# #KH#HOH#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# HwHh#i#CHN# #SHaty#HSH #-H#HOHO#I# . # #P#H1#eHa#sHe# #NHOHTHEH
#t#h#ta#tt# #wie# #Ha#trite# #Hd#e#a#l#i#n#igh #HwHi#tt#h# #t#i#m#te# #HvH#a#tr#y#i#n#gH
#sHcHe#n#attr#itto . # #OH#TH #HoHOHUHr#sHeH, # #HbHe#cHatuisHe# #I#'#m# #d#eHa#l#i#n#g#
#wH#ittt#h#t #t#th#e#t #T#Hr#e#qi#uHtednHicHy# #HAHO#MH#a#IHNH, # #I# #hita#vie#
#e#s#s#en#t#idan l#l#y# #Ha#tsH#s#Hu#m#eHd# #t#h#a#t# #t#h#e# #t#i#mie#
#d#e#phentdie#nicHes #o#TH He#vHeHTr#Hy# #q#uHakn#t#i#tH#y# #t#h#a#t# #i#ts#
#t#h#etrie# #wih#e#tih#te#rd H#i#HtH Hi#HSH #Hi#th#e# #I# #T#i#dc#l#d# #Ho#r# #U#h#HeH HAH
#f#ise#lad#, # #b#o#t#h# #wHi#lé#lé #b#He# #HSHiI#nH#HU#SHOH#I#dH#HA#LH #a#t# #t#h#e#
#T#Hr#e#qruHen#ChyH# HOH . # #O#K#a#y# . # ##H#SHOH #U#h#1#SH #it#eH#Hr#m# #i#sH #HwH#h#a#t#
#I# #h#a#tv#e# #cHa#l#l#e#d# Ha#hs# #sHOH#UHr#CHe# #HUHeHr#m# #Ha#n#d# #i#n# #Ht#h#e#
#a#tb#sH#e#inticiet #Ho#TH #sHo#HuHr#cHe# HUHeH#r#m#t, # HwHe# #Hk#n#o#wH #h#o#wH #t#h#te#
#s#o#tl#ustt#ittodn#t #Ho#T# #Ht#h#i#s# #He#tq#uHta#t#ifo#n# #HwHoHUH1#dH #1HoH#HoHK#H
#l#i#k#te#t, # #Ht#h#a#t# HwHoHuH1#d# #He#sHsHe#nHt#i#a#1#1#y# #bHe# #Hd#e#pHe#n#d#i#nHgH
#o#n# #t#th#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

HitHHH R R R R R R R R HHHHHHHHH T R R R R R R R R R HHHHHHHHH
HEHHHIHHEHHEHHHH A OHO# I# #t#th#a#tH #wHe#t #h#a#tvie# #i#n#c#l#u#dHetd#
#o#n# #t#o# #Ht#h#te# #Hr#i#g#h#t#-#h#ta#n#d# #sH#Hi#d#e# HwHIH#I#1# #HsHI#m#pHlHYy#H
#t#e#1#1# #Hu#s# #wih#ta#t# #i#s# #t#th#e# #sHoHuHr#cHe# #Ho#T# #Ht#th#e#tsHe#
#T#itte#ludH#s#H . # #FHOHIH# #He#x#a#m#pHlie#, # #t#h#te# #CHUHr#r#eH#n#tH #d#HeHn#sH#IAtHYH
#JI# #wHi#l#l#s #b#te# #t#h#e# #sHO#UHTr#HCHeHR #THOHIr# #i#th#e# #AH #T#Hi#e#l#d#.# #THh#e#
#c#h#ta#tr#tgHedts# #wHi#l#1# #b#e# #t#th#e# #sHoHu#r#cHe# #THo#r# #Ht#h#te#
#e#l#etcHtH#riittict #HT#i#e#1#dY, # #Ha#tn#d# #HcHuHr#r#e#n#t# #d#e#n#s#iftt#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 T 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#ta#t# #y#o#u#t #Ha#ic#t#u#a#l#l#ty# #oH#e#t#
#i#s# #t#h#i#s# #pHa#tr#t#ificHudtlitatir# #qéudetsHt#ifottny . # #1# HwHi#l#l# #t#e#l#l#
#y#HoOHU# #i#n# #Hd#e#t#Ha#i#tl# . # #SHOH# #I# #wHiH#1#1# #cHa#l#l# #t#h#i#sH# Ha#ts# #r#2
#a#n#d# #Hp#l#e#a#tsHe# #n#o#tt#e# #t#th#a#t# #1i#tH# #i#sH# #n#o#t# #Ha# #THuHNHCHLH#LIHOHNH
#o#f# #t#i#m#e# #t#h#a#ty #I#'#m# Hi#nHtHe#HrH#e#sHIAeHd# #1i#n#, # #bHUHLH HwHhHa#tH
#i#s# #HcHa#l#l#e#d# #Ha#ts# #Hrie#tH#a#ridéestdd #Ho#Hr# #Ha#t #b#te#t#t#He#tir# HwHoHr#d#
#wHoHU#L1#dH #b#e# #Ht#o# #cHa#l#l# #t#h#i#ts# #Ha#ts# #d#He#l#a#ty#e#d# #t#i#m#e#, #
#Hr#i#tg#h#t#?2# #SHO# #v# #i#s# #Ht#th#e# #HvH#e#Hl#oH#HcHi#tH#yH#H #HOHTH #Ht#th#e# HwHaHvHeHsH
#o#r# #t#th#e# #pro#t#e#n#t#ida#tlé #i#Hn# #t#th#e# #T#HrHeHe# #sHpHa#cHe# . # #RH# #i#s#
#t#h#te# #Hd#i#ts#t#a#n#ic#e#t #THr#o#HM# #Hi#h#te# #HsHOHUHr#HCHe# #Ho#n#t#HO# #Hi#h#te#
#o#b#tsHettrivitetr#t #pHo#i#n#t#, # #Ho#k#a#y#, # #Ha#n#d# #Hi#h#te#n# #Hd#i#v#i#dH#e#d# #bHy#
HAHOHRY #Ha#n#d# #i#n#tHeHgHTHattHe#HU# #HOHVHEHTH #Ht#h#e# #HvHOHLHUHMHACH #Hi#h#Ha#t#
#t#h#te# #sHuHr#THaHHCHeH# HCHUHIrH#r#eH#HNHLH #d#eHNHSHIATHYH #HwHOHUH1HAH
#a#c#t#utta#l#1#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

HitH AR HHHHHHHHHHHHH R R R R R R R R R R HHHHHH
HEHBHHHHBHHBHFCH2 | H#HASHOH #t#h#te# #p#r#i#m#e# #i#s#H #THOHr# #t#h#te# #sH#Ho#Hu#Hr#cHe#
#eHoHo#r#d#i#nHattH#e# . # #UANHPHr#ifmHte#d# #vHa#l#utestsH# Hattr#te# #THoO#r# #Ht#h#te#
#T#itte#1#d# #cHo#o#rid#iinttatttéest . # HOHKH#ayH . # #SHOH #Ha#t# #HU#h#i#s# HpHO#I#ANHTH
#I# #HCHO#HNHSHi#AH#EHIr# #t#h#1HSH #LH#HOH #bH#e# Ha# #pHr#Hi#m#e# #HmEeHa#n#iHNHQH
#t#h#ta#tt# #I1#'#m#t #Ha#cHtH#uHa#l#l#ty# #HoHo#NHSHI#A#eHr#1#n#gH #Hi#h#teH# #HSHOHUHrH#CHeH
#p#o#i#n#t# #h#tetir#e#t #Ha#n#d# #Hwih#a#t# #I# #n#eHte#d# #t#Ho# #HKk#n#HOHWH #Hi#ts#
#t#h#ta#tt# #h#to#w# #t#h#i#is# #s#o#u#r#cH#e# #wHould 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 -

Hit# AR R R HHHHHHHHHHH R R R R R R R R R HHHHHHHH
HAHHHH B HHHH BB HHHH AR H AR AR A H PR R R R R R R R
HAHHH BB R HHH BB HHH R HHH R HEH R R R R AR R AR R C#2  #
#O#k#aty# . # #A#N#HdH #I# #a#m# #i#n#tHe#rH#e#sHi#e#d# Ho#n#l#y# #i#n# #t#h#te#
#m#a#g#n#ift#uSdRe# Ho#TH #Hi#h#i#sH Ha#t# #lHeHa#sH## #i#n# #i#h#e#
#d#e#n#omitidn#aftt#o#r# #s#i#d#e# #Ha#n#Hd# #i#n# #t#h#te# #n#uftméeH#r#afttHo#r#
#wih#te#riett #I#'#m#

#1lH#HOHORKH#LIHNHQH Ha#th #LA#h#IHSH #L# H-# H#R#/HVHE, # #1#'"#m# #i#nHt#eH#r#etisHtH#esdH
#i#n# #t#h#e# #mpasgin#iftH#usdées #o#HTH #r#, # Hwh#h#i#ickh#, # #HO#HTH H#CHOHUHTH#SHEH, #
#i#s# #t#th#e#t #v#e#icH#t#oftir# #d#i#sH#Ht#a#n#cHe# #bH#estHwHetesinyt #t#h#te#t #HsHo#uHr#HcHeH
#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 #####HAHSHHAHHBHHHHAHE2  Hi#SH #aficH#t#utastl#l#y# #THe#1#LH
#nHOHtH# Ha#t# #t#h#ted #t#i#m#e# #t#,# #b#UAtH Ha#t# #HUHi#m#e# #HU#, # #wHh#i#c#h#
#i#s# #d#e#l#a#yr#e#dy #wHiHt#h# #r#e#s#phescHty #tH#o# #t#h#e#
#o#b#tsH#Het#tr#vitattt#itto#tnd #HpHo#i#n#tH #Ha#n#d# #Hi#h#te# #Hd#He#lH#a#ty# #i#s# #Ho#i#vHe#n#
#o#y# H#R#/HVH #sHe#icHo#n#disH . # #O#k#a#ty# . # #i# (#R#e#THe#r# #SH1#1#d#eH H#THi#MHeH
HOHTH  #3#0H ) ##tAH# IHTH #t#h#He# #HwHaHVHEHSH HaHr#e# #HpHrHOH#pHaHgHaA#LAIANHGH #wHiHTHHh#
#t#h#te# #vHe#lH#OH#HCHIHLHYH HVH, # #wHeH #wHi#l#1# #n#o#Ht# #b#e# #Ha#b#l#e# #LH#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#iftd#a#tl# #s#Hi#tg#n#a#l# #Ho#o#Hi#nHgH #Ha#l#l# #Hi#th#e# HwHa#y# #HT#Hr#HOH#MH #-
##" #Ht#o# H+H##" . # HNHOHWH HYHOHUH# #HiHm#a#gH#Hi#NHe# #i#th#a#t# #HwHa#vH#e# #Hb#e#i#n#Hg#
#d#e#l#anyHe#d# #bHy#H #a# HCHe#Hr#LH#HaHi#NH# #UHIHMH#CH, # Hr#l#gHhH#HIH?# #SHOH
#HoHO#SHIHNHEH HOHLH #HbHeHCHOUMMCHSH HCHOHSHI#NHSH HOH(HE#H #-# #HO#)# #Hwihhitetrite#t #HOH



#i#ts# #t#th#te#t #d#te#l#tatty#.# ###SHOH# #HwHh#ta#t# #y#Ho#u# #h#ta#vite#
#e#sHsHe#tn#t#ittattl#1#ty# #Ho#b#t#a#ti#nfte#d#t #i#ts# #HU#h#i#sH# #He#ix#t#r#a# #T#Ha#tcHtH#oH#r#
#ouf# #QuG#, # #wih#i#c#h#t #wHo#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 kOR. 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 kOR 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

Hit# AR R R HHHHHHHHHHH R R R R R R R R R HHHHH PR
HHHHHOR Ha#n#d# #Ht#h#a#t# #iftsH #HwHh#a#t# #HwHe# #Hattr#ett #l#o#o#Kk#LIHNHQH #THOHI# . #
#O#k#atty# . # ##H#SHOH# HwHh#a#t# #Hy#Ho#u#'#1#1# #h#a#vie# #Hi#s# HOHOH/ HAHOH , #
#wi#h#i#tcth#t #i#s# #Ha#t #HcHo#nHsHt#a#n#HtH . # #I# HwHi#1#1# #p#u#l#l# #t#h#a#t#
H#HOHUHLH . # #HTHh#e#n# #y#o#u# #h#ta#vHe# #I#(H#r#H2 )# #Ha#n#d# #e# #b#e#cHoHmMHeH#HSH #-
#IHKHRHE, # #Hr#i#geh#t#, # #o#r# #KHAOHRE #1i#TH HwhHe# #wHiHSHh# #HUHOH# #sHU#I#1#LH
#oHattr#rity# #Ha#r#o#u#n#d# #K#HOH# #Hi#n#t#He#gH#rHa#ttHe#dH# #Ho#tvHet#ir# #Hi#hite#
#vH#o#l#umitedt H#wih#tedrdest #t#h#e#t #sHo#Hu#r#cHe# #i#ts# Ho#cHcHuHpHite#d#
#d#i#v#indHe#d# #bHy# #R#, # #Hr#i#g#h#t#72# #SHO# #L#h#i#sH# #i#s# #it#h#e#

HEeHXHPHT HEHSHSHIAOHNH #i#hHa#t# H#HYHOHUH ' 'H#rH#eH HQHOHIHNHQH H#LHOH #HoHe#Ht# #THOHIH #AH#
#i#n#t #t#e#rimis# #Ho#T# #t#h#te# #Hp#h#ta#sHe#r# #Hd#o#m#a#i#nd . # ### (H#R#eHTHeHr#
#SH1#1#d#eH HTHIAMHEH HL1ALH  HAHOH ) # HAHHAN#OHWH HwiHh#a#t# #i#tsH HRA?H HWhHe#
#th#a#tvite#t #Ha#l#r#eHta#td#ty# #sHeHe#n#t #Ht#h#a#t# #R# #t#o# #b#e# #m#a#g#n#Hi#t#u#dHe#
#Ho#TH#H #r#-#r#2 .# #N#HOHWH #HmHa#Hg#n#i#tHu#d#e# #Ho#TH# Ha#n#y# #HvHeHcHtH#OHIr# #HcHa#n#
#b#e# #r#e#HwH#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
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HHBHBHBHBHBHB R AR H2 | # #t#h#i#sH
#wHoH#u#1#d# #He#sHsHe#n#t#itarl#1#y# #m#eHtadn#t #Ht#h#a#t# #yHo#u# ' #rite#

#d#e#a# 1#1H#NHQH HWHIHTHNhE Hr#H2# #+# Hr#H2 2# H-# #2# Hr# . #r#2 # #o#k#a#y#, # #Ha#l#l#
#o#T# #t#h#i#s# #HuHn#d#e#tr#t #Ht#h#te# HrHoH#HOH#HTH HOH#TH #2#, # #r#i#g#h#TH#H?# #SHO#
#t#h#its# #Hi#s# #wih#a#t# #yHo#HUH# #HoHe#t# . #i# (#R#e#THeHr# #SH#H1H#IHdHeH# HTHiH#MAeH
HAH2H  #3H2H ) #HAHANHOHWH HwHeH HwHIH#1H#1# #Ha#tsHsHu#MH#eH #t#h#a#t# #t#h#te#
#sHoHURr#CcHe# #HoHoHOHr#d#I#NHaHt#eHSH HoHtr# #Hi#th#e# #HvHOH#L1HuH#mMHeH #Ht#h#Ha#t#
#wih#e#rie#t #t#h#te#t #HsH#Ho#uHr#cHe# #i#sH #HvH#aHtr#y#i#n#tgh #Hr#2 H#Hi#s#
#a#tcHt#utaHl#1#y# #HoHu#idtHe# #s#m#a#l#l# #cHoHm#pHa#ri#e#dH# #t#HoO# #t#h#e#
#d#i#s#t#atn#CHetsH #Ha#tt# #Hwih#i#cHh# #HwHe# Ha#r#e# #Hokb#SHe#Hr#vHI#ANHgH #t#h#iHSH
#sHoHURr#CHeH . ### (HR#e#THettir# #SH1#IHdHe# H#THIHMMeH HI1H2H# #AHOH)H HUH#H#HSHOH#
#t#h#i#n#tk# #Ho#TH#H, # #Hy#HOH#HUH# HKENHOHWH, # #Ha#n# He#l#e#m#fe#n#Ht# #HKk#eHpH#t# #i#n#
H#HSHOHMACH HCHI#LHYH, # #HwHh#IHCHhE #i#s#H #1#i#k#e# #sHa#y#, # #HYHOHUH# #KHENHOHWH, #
#1#0# #KH#MHE Ha#wHaHy# HOH#r# H2#0# #HKk#mM# #Ha#wHa#y#, # Ha#n#d# #Ht#h#e#n# #Hy#Ho#UH
#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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HEHBHHHH#2 24, # Bwih#i#cH#h# #HwHoHu#LlH#HdH #rieHpHrieftsHe#n#t# #t#h#e#
#m#a#gin#itftH#uddiett #Ho#T# #Ht#h#i#ts# #Hr#2 #HvHeHcHtHOHr#, # #r#i#g#h#it#, # #sHo#
#T#r#ofme #Ht#h#a#t# #Ha#n#d# #t#h#i#tsH# #i#s# #Ht#th#e# #Hr# #vHeHcHtHORr#

#a#tcHt#uttadt 1#1#y# . # #SHO# #t#h#i#ts# #i#s# #t#th#e# #r#t #viHeH#cHt#o#r# # #THh#i#sH
#i#ts# #t#th#e# #R# #HvHe#cHt#o#r# #Hm#a#Hg#n#Hi#tHU#IHeH, # H#Ha#n#d# #t#h#i#sH#H #Ho#n#e#
#i#ts# #t#h#i#ts# #Hs#m#ta#l#l# #r# #HvH#eHCHLHO#r# #HpHr#i#m#e#, # #Hr#i#g#h#t#, # #t#Ho#
#t#h#te# #HsH#HoHUHr#HCcHe# # H#SHOH# #Ht#h#i#ts# #1#e#n#Hg#t#h# Hi#tsH# #HvHeHriy#, # #viHeHriy#
#sHM#a# 1#1# #n#o# #Hmia#t#LHeHr# #wihHe#r#e# #HyHO#HUH# #Hi#a#k#e# Ho#NH#LH#HOH #i#h#e#
#pHo#i#n#t# . # #SHO# #Hy#HO#HUH# #HCHa#in# #HsHet#te# #Hi#h#a#t# #t#h#i#ts# #l#e#n#g#t#h# #i#ts#
#viettriy# #HsH#m#a#l#l#t #HcHo#mitpHattrie#d# #Ht#Ho# #Ht#th#e# #Ho#tb#s#e#r#vHa#t#ifto#n#
#d#i#s#t#HaNHCHER HMEeHARNHIENHQH #HiHh#a#t# HU#h#I#SH #Hr#2 2# #HCHa#n# #Hb#e#
#n#e#g#tl#eticHti#etdH #i#n# HoHOHMEpHaHr#Hi#SHOHNH H#HEHOH Hr#2#.# #HO#HK#a#ty# . # ##
#(#R#te#fHetir#

#SH1#1#dH#eH HTHI#MHeH H#1AAH H1H1H)# HAHHAOHTH HCHOHUHHSHEH , # #I# #HCHa#n## t#
#n#e#g#tlieticHt# #t#h#a#tt# #i#n# #t#th#e# #pHrHo#Hd#uH#cHt# #b#e#icHatuftsHe# #Hi#n#
#t#h#te# #Hp#Hr#o#d#uHcHtE #R# #i#s# #t#h#e#r#e# . # #SHo# #Ha#t #1l#ta#r#gHe#
#o#UHa#NHTHIHLHYH HMELI#NRUHSH #mBuslHtH#idpaliide#dst #Hb#y# #a#t #Hs#m#a#l#l#
#Ha#uta#n#t#ist#y# HwWHiH1#1# #Ho#i#tvHe#t #Hy#HOHUH #Ha#t #T#Hi#n#i#tHe# #HvHa#l#ufte#, #
#r#ifg#h#t#?2#4 #SH#Ho# #t#h#a#tt# #i#s# #Hwih#a#t# HwhHe# #Hh#a#tvite# . # HH#HASHOH #R#, # #I#
#oH#Ha#tn# #Ha#pHpHrHo#x#itmitatttte#l#ty# HwHrH#i#tHe# #HU#h#i#SH #Ha#ts# Hr#2# #-# #2#r#2
#Ha#tn#d# #I# #HcH#Ha#ind #HpHU#l#1# #t#h#i#is# #Hs#m#a#1#l# #Hr# Ho#u#t# . # #P#l#eHa#sHe#
#r#e#mie#mitbie#r# #Htih#a#t# #s#m#anl#ly #r# #Hi#s# #t#h#e# #pHo#s#i#ALH#HIHOHNH
#vi#teticHtitoftr#t #o#T# #t#h#te# #HpHo#i#n#t# #P# #HwHhite#rite# #y#Ho#u# #Ha#rite#
#o#b#sH#e#tr#vitidnttght #t#h#te#t #T#ide#l#d# . # #SHO#H #i#ATH HIH# #pHUHLHLH #r# HOHUHALH, #
#t#h#te#n#t #I# HwH#i#1#1# #h#ta#tvie# #1# #-# #2# H(Hr#. H#r#H2 )#/#r#2# . # #UH#sHI#NHQH
#B#i#n#o#M#iHa#1# #HTHh#e#o#tr#edmtt, # #I# #cHa#n# HwHr#i#tH#e# #t#h#i#tsH# #Ha#s# #1# #-#
HH#r#. #r#2 V#/#r#2#4, # #Ho#tk#a#ty#, # #Ha#tn#d# #b#e#cHatuisHe#t #t#th#e# #Hvi#eH#cHt#o#r#
#d#iftv#iftd#testd# #b#y# #i#tt#s# #mfta#g#n#iftt#ustdéest HwHi#l#l# #Ha#cH#t#uta#tleliy#
#o#i#tvte#t #Hy#Ho#u#t #Ht#h#e# HuHNHI#t# #HvHe#cHtHo#Hr# #i#n# #Ht#h#a#t#
#p#attr#t#ittcHutltattr# #d#i#rie#cHt#ifto#n#t . # #SHO# #Ht#h#i#tsH#H #HwHoHUHLIH#dH #bHe#
#t#h#te# Hu#n#i#t# HvHeHCHUHOHH Hr### #i#n# #Ht#h#te# #d#i#tr#efcHt#IHO#NY HoHTH
#t#hte# #HvH#eHCHLHOHI# #r#. # HSHOH #I# #cHa#n#t #r#e#a#ir#rH#a#nfighe#t #t#h#i#ts#
#e#q#uHattt#itto#n#t #Ha#tn#d# #sHa#y# #Ht#h#a#t# #R# #i#s# Ha#pHpHrHo#x#Hi#m#a#tH#e#lHy#
#s#mita# 1#1# #r#, # #with#iftc#h#t #i#ts# #t#h#te# #m#a#g#n#i#t#utdiedt #o#T# #Ht#h#e#
#d#i#s#t#atn#CcHer #Hbie#tHwHeHe#n# #Hi#h#e#, # HyHOHUH# HKENHOHWH, # HORr#i#HgH1ANH HOHTH
#t#h#te# #HcHoHoO#r#d#HI#NHaRtHe# #HsHy#HsHiHe#mME Ha#n#d# #Hi#h#e# #Ho#b#sH#He#tr#vHa#t#iHo#NH#
HPHOHIANHTH HMAIANHUHSH Hritf# Hr#2 . # #O#K#Ha#y# . # ###(#R#e#THe#r# #SH1#i#dHeH
HTHIHMBCH HIHDH  #2H2H ) HHAHHSHOH #i#th#eH#rie#t Ha#tr#e# HUHOHOH# HmEa#N#YH Hr## SH#
#th#tettrte#t, # #b#u#t# #I# #h#toHpHe# #HyHOHUH'#rite# #n#Ho#t# #HcHo#n#THUH#SHeHd#
#a#u#ittite#, # #y#Ho#Hu# #HKHENHOHWH, # #HCHOHN#HTHUHASHe#dH #i#n# Ha#l#l# #Ht#h#i#sH . #
#T#h#te# #HoHo#Ha#l# #Hhite#r#e# #HwHa#s# #t#h#a#t# #I# #cHOHUH#L#DH #gH#Ho# #HbHa#CcHKH
#Ha#tn#d# #s#u#tb#sHt#i#tt#usit#est #tih#ast# #Hi#n#t#o# #t#h#e# #sHo#u#r#cHe#
#e#q#uHattt#ifto#n#t #Ho#tr# #Hi#h#te# #He#Hq#uHa#t#ifto#n# #HTHOHIr# #HAH Ha#tn#Hd# HwHrHi#t#He#
#AH# #i#n#t #Ha#t #sH#Hl#i#g#h#t#1#y# Ha#pHpHrHo#x#i#mtattite#t #THa#sHh#LIHO#NH Ha#sH
#(HOHOH/ HARGHT #)# He#-#]HKHT# . # ### (HR#eHTHeHT# #SH1#I#AHeH HTHIHM#CH H1HDH HAHSH)H
HAHHN#OHWH Hi#AtH #mia#y# #1lH1#t#t#LHeH, # #sHeHtedm#t Ha#t #1#1#tH#TH]1#eH #bHIALH
#HpHuHz#z#1#IHNHQHR . # H#SHO# #I# HwHi#l#1# #T#1#Hr#sHLE #nHo#t# #1HoHOHKH Ha#t#
#t#h#i#ts# #Ho#n#e# #Ha#n#d# #I#'#1#1# #Ho#o# #Hb#Ha#cHk# #HtHO# #t#h#i#sH# . # #SHOH# #I#
#th#a#tvite#t #Ht#h#i#sH# #I#(#r#2 )#,# #wHh#i#tc#h# #i#s# He#sH#sH#e#n#t#ita#tl#1#y# #Ht#h#te#
#sHoHURr#cHe# #t#h#a#t# #wHOHUHLADHE #Hr#e#m#a#i#n# #Ha#n#d# #t#th#e#n# #yHoHU#
#th#a#tvite#t, # #sH#HO#r#riy#, # #t#h#i#s# #Hi#s# #Kk#HO#, # #y#HOoHUH# #h#ta#vie#

He# JHKHOHr # . #r#2 . # #O#k#a#ty# . # #WiHh#y# #i#ts# #t#h#i#sH# He#+H#JHKHOH?#
#B#He#cHatUHSHe#t #1i#n# #r#, # #Hy#Ho#u# #h#ta#vHe# #Ha# #m#i#n#ufts# #Hs#Hi#gHN# #Hhitefirie# . #
#S#Ho# #I# #h#to#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#ts# #Hp#i#cHtHuH#rHe#, #
#t#h#te#tsHte#t #t#wHo# #Ha#r#e# He#s#sHe#n#Ht#ifa#tl#l#y# #HeHqHu#a#l# #t#o# #He#Ha#cH#h#
#o#t#h#te#tr#. . # #Wih#tatt#etvitetr# #t#h#e# #d#i#tTH#THe#r#tedntichest Histh#art# #HyH#Ho#UH
#th#ta#tvte#t #i#n# #tHe#r#m#sH# #Ho#T# #Ht#h#i#s# #H1#e#n#gHt#h#, # #Hwih#i#cHh# #i#sH
#Ho#ittvitettind #b#y# #t#h#i#ts# #r#2 #HvHteHcHtHOH#r# #i#sH# #Ht#oHO# #HsHmHa#l#l# Ha#n#Hd#
#i#n#t #t#h#i#ts# #f#a#tr# #T#if#te#l#d# Ha#pHpHrHo#x#LI#MBatt#iHO#NH, # Hi#h#Ha#t# #i#sH
#d#i#s#t#atNHCHeR #HiHSH #HvHeHr#y# #THa#r# #Hattwha#y# #THr#o#m# #Ht#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
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HEHBHHHHBHHBH B HBH R H B H BB R R R H O H#2  #mEtalty#bite#
#s#m#a#1#1#, # #b#u#t# #K#OH#, # Hwi#h#i#cHh# #i#ts# #b#a#ts#i#cHa#l#l#y#
#i#n#vitettriisttetl#y# #HpHrio#pHo#r#t#itodn#anly #t#o# #O# #Ha#n#d# #O# #Hco#Ho#u#lad#
#b#e# #vHeHr#y# #sHmia#l#l# #b#e#cHaHu#sHe# #HyHOHUH# #HK#NHOH#WH Hi#h#e#sHe#
#a#n#t#e#nH#nHa#ts# Ha#tr#e# HWHOHr#K#LIHNHQH #THOHIr# HwHiHr#e#l#eHsHSH
#HeHo#m#M#URNHI#CHaR tHI#OHNHSH #i#tn# #HU#h#te# #Hr#a#n#gHeH#sH H#HO#HTH HOHOHOH# HMH#HHZH#
#t#o# #Ha#tbHo#u#t# H14#5# #Ho#r# #2#8# HGHHH#z# #Hd#e#pHe#n#d#i#n#tg# #Ho#n# Hwih#i#cH#h#
H#HIHGH, # H#HAHGH HOHI# HOHGH HYHOHUH'#Hr#e# #wHOHr#K#I#NHGH #wHiH#t#h# . # #SHOH# #He#vHe#n#
#i#n# #t#h#Ha#t# #vHa#r#idantHIHO#NH, # #HYHOHUHI# #HwHaHvieH# l#e#nHg#t#h# Hi#sH
#a#tcH#t#utta# 1#l#y# #Ho#u#iftt#e#t #sH#m#a#l#l# #Ha#tn#d# #Hb#e#HcHa#u#tsHe#

H1#/ HwHaHVHeH1HCHNHOHIHNY H#ittsH #1#atr#gHeH, # #HO# #i#SH #HsHMHa#1#1#,# #HDHUHLH
#H1#/#OQ# #HittsH #l#a#righe#, # #t#h#ta#t# #cHa#n# #mpuH#lHt#idpHlHy# #t#o# #r# #dHOHLH
#d#oH#Ht# Hr###2 Ha#n#d# #cHa#u#sHe# #Ht#h#a#t# He#n#t#i#r#e# #HoHuHa#n#t#i#t#Y# #HtHO#
#b#e#t #Ha#tl#m#to#sH#t# #HoHo#m#pHat#rH#atbilée#t #wiidt#h# #Hr#e#is#pHetcHts #Ht#o# #t#h#i#ts#
#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#hs# #d#z#2 Ha#n#d# #Hi#t#'#s# #Ha#t #HvHe#triy#, # #viHeHriy# HsH#mHfa#l#l#
#o#uHa#n#tHiIHtH#YH  # HO#KH#a#ty#H . # #SHOH #t#h#i#sH #i#s# Hwih#a#t# #I# #h#ta#tvie# . #
#S#HO#, # #mHa#t#h#ettimHattt#iftcHattl#1fy#H, # #1# #HoHOHUALAAH, # #Ho#TH #HcHO#UHr#sHe#, #
#r#e#phrietisttednft# #t#h#ifis# #I# #vHeHcH#tH#HOHr#, # #wHh#i#cHh# #i#s#, # #HyHo#u#
#k#n#to#wit, # #T#1#o#wHi#N#gH Ha#rH#Ho#uHn#d# #t#h#i#ts# #Ho#n#e# #Ha#n#d# #Hi#t# #i#ts#
#d#i#r#ettcHt#e#ds Ha#tl#o#n#gH #t#h#teH #Hz#-#HaHx#i#sH# . # #O#K#a#y# . # #T#Hh#i#SH #i#ts#
#m#y#, # #y#o#u# #Hk#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
onwards provided you are familiar with the spheric#a#l# #c#o#Ho#r#d#i#inHat#tH#e#
#s#Hy#sHt#eHmyt . # #H#SHOH #i#n# #Ht#h#te# #HsH#HpH#h#te#r#iftcHa#lH# #cHoHoHr#d#I#NHaH L #eH
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h@#G##h Q#0#C I##0 I##QI##a I###H##N O 3HHC IH#0 IH#Q I#t#Ha IHHDH SHEHHESHHM S HHWS HHG S HAQ S HHGS ##YS #
#*t##8t##Bt##Dt##Ft##@t##@t##@t##@u##Bu##Du##Ru##Au##lu##vu##|
UHHQUHHGUHHGUHHGUHHGUAHHV HHHGHHHOHHAGHHHOHH SO#H T O Ot |

#1001+ 00H 1001 #BOHHF O G x U1 UG HOOH#OG1HO0H#PO1# [ Or#qU## SOH# LO##UGHH X OH 100110000
277777222222 27 27200l = Ernn )
Q##h@#u#CJ##OJ##QJ##aJ#####j@@‘##h@cU#CJ##OJ##QJ##U##aJ####h@'Y#CJ##OJ##QJ##aJ#####
hG ' Y##hG ' YHCI##0 I##QI##a IHHHH UHHHENGHOHH h##GHC IHH0 I#HQ I HHa IHHHHH N HHGHEN##GHC IH#0 I ##
QIHHAIHHHAHNOHOHHNGHOHC IHH0 IHHQIHHa IHHHHHNHHGHC IHH0 IHHQIHHA IHH SHHBHHHHHH I
HAHHHHBHHHH BB HHH R HAH B HHH AR HAH B HHH R HAH R R H AR A R R R
HHtHHHH R R R HHHH AR HHHHHHHH A R R R R R R AR HHHHH AR
HitHHH R H R R R AR AR HHH AR R R R R R R R R R R R R R HHHHH A
HAHHHHBHHHH BB HHH AR HAH B HHH R HAH R R R AR AR
HAHHHH B HHHH B HHH R H R H PR R R R R R R
HitH R R R R R R R HHHHHH R R AR R R R R R HHHHHHHHHHESH  #
HSHOHY#Y#Y#H . # #THh#1HSH #i#tsH# #t#h#te# #X#-#a#x#i#s# #Ha#n#d# #t#h#a#t# HwHoHUu#LH#Hd#
#btte#t #t#th#te# #HO# #HeHoHMApHOHNHe#NALH . # #SHOH# #HU#h#I#sH #HpHO#LI#NHtH #HcHoHu#L#dH
#hite# #rite#pHrie#sHe#nttietds #biy# #(#Hr#, # #O#, # #annund# #O#)# #Ha#n#d# #t#h#e#rie#
#a#tr#e# #HsHo#m#e# #Hrie#l#a#t#i#o#n#sHh#idphsH# #b#e#tHwHeHe#n# Hi#th#e#m#, #
#wi#h#1#CHNhH #YH#HORUH HCHAANH, # H#HYHOHUH #HKE#NHOHWH, # #HeHa#s#i#l#y# #TH#I#NHdH #o#u#HtH
#i#n# #a#t #m#a#t#h#te#m#a#tt#ificHa#tlst #h#a#n#d#bHo#ortk# Ho#r# #a# #THoO#r#mHu#lH#a#
#tb#o#o#k# . # #I# #wHo#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#Hg#h#t#?# ##H#SHOH
#y#o#tu# #h#ta#tvite#t #sHe#e#in# #Hd#e#tl#t#a# #THUENHCHLHIHOHNHSH #i#n# Ht#i#m#eH#, #
#wih#i#tc#th# #wHoHUH1HAH #HbHe# HwHrH#Hi#tH#tH#eH#NH H#Ha#tsH #@#(#t#)#.# #N#OHWH HwHIHtH#h#
#@#(#r#-#r#Z V# HwHo#uH1H#dH# #HritedpHriefisHedn#ts Ht#h#a#t# . # #T#h#i#sH #i#is#
#a#tcHt#utta# 1#l#y# #1#oH#HcHa#tH#e#dH# H#Ha#tt# #Hi#h#te# HOHr#i#gH#Hi#Nn#.# #OH#HK#Ha#y#.# #SHO#
#t#h#its# #HcHa#n# #Hbie# #He#x#p#Ha#n#die#d#, # Ho#TH HCHOHUHAr#SHEH, # HaHsH

HWHr #1#THIHNHQH HatSH #HO# (Hz#-HZH#H2 V# HOH (HXH#H-#XH2 )# Ha#n#d# H#O# (Hy#-#yH#H2 V#.#
#0#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,
JZ0O, 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

LA z##H#HHBHBHHBH I H B R R R R R R R
HEHBHHBHBHHBHHRHHBHH2  #LRIHNHEHSH HZH-#h#a#tH . # #H#HASHOH #wih#a#t# #wHOHUHLADH
#t#h#te# #A# #T#ide#lédy #b#e#?# #HAH #THi#e#l#d# #W#i#1#1# #b#e# #Hz#
#d#i#r#esticHtiesds . # H#WHhA#YH?# #BHeficHattuisHeH #IH# #i#s# #Ha#lHo#n#g# #Hz# . # #AH
#wH#i#1#1# #Ha#l#sH#Ho# #b#e# #Ha#l#o#n#g# #Hz#.# #THh#a#t# #i#s# #t#h#te# #Hk#He#y#
#pHo#i#n#t# #Hhite#trite# . # #I#TH #i#t# HwHa#ts# #Hd#i#r#e#cHt#1#y# #Ht#h#te#
#m#attg#nttett#idcHt #T#ide#l#ds #t#h#aftt# #yH#Ho#u# Hwheftrie# HtH#r#y#I#n#gH #HtHo#
#cHa#l#cHuHladttie#, # #t#h#ted#n# #t#h#e# #m#aHgin#est#idcH #T#HiHe#l#d# HwHOHU#LHAH
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 #######HH#HHIHHHGH
#HoHo#MEpHOMNHEHNHLH . # HRHECHMAeHNHDHeHr# Hi#h#i#tsH #Hi#ts# #Ht#th#te# #HOH
HCHOHMADPHOHNHEHNHTH Ha#n#d# #I# #wHadn#t# #tHO# #THIHNHAH# #HoHU#tH HwHhHa#t#, #
HSHO#, # HOHTH HCHOHUHI#HSHEH, # HEHNHIHSH #Hi#sH #HyHOHUHTH Ha#n#g#l#e# #O#.# H#I#
#wHa#n#t# #HU#o# #He#x#pH#rieHtsH#sH #n#oHwH H#AHZH #i#n# #Ht#eH#r#mitsH #Ho#TH HAHr# #Ha#n#d#
HAHGH . # #O#k#aty# . #it# (#ReeHTHe#r# #SH1#1AdHeH #THIHMHEH H#2#3H #OHOH ) HAHHHSHOH
#t#h#if#ts# #HcHo#n#vHeHr#s#i#o#NH #THr#HO#ME Ho#nH#He# #HcHOHOH#r#d#HiI#NHa#tHeH
#s#y#sHtitedtmits# #t#o#t #t#th#e# #Ho#tt#h#te#r# #HcHo#Ho#r#d#i#nHatttHte# #HsHy#HsHtH#e#m#t #i#n#
#t#h#ti#ts# #HcHa#tsHe# #i#s# #n#teHcHe#sHsHattr#y# #b#teHcHattustsHest #I# HwHa#n#t# #t#o#
#s#pHetcH#i#TH#y# #wih#a#t# #HwHoHU#L#dH #Hh#a#pHpHe#n# #Hi#HO# #mity# He#l#eHcHt#r#i#cH
#r#itte#1#td#sH# #Ha#tn#d# #m#ta#g#n#eHt#itic# #TH#iH#e#1#dH#SH H#HoHr# #HUHOH #mHYH #HAH#
#T#ifte#1#d# #Ha#ts# #I1# #mito#vie# #Ha#r#Ho#u#n#d# #t#h#e# #Ha#in#t#e#n#in#a#t #i#n# #Ha#
#pHa#r#t#iHCHUS LAt r# #MBafN#NHeR# T # . # #SHOH# #I# #wHi#l#l# #b#e# #HvH#a#r#yHi#n#gH
#r# . # #1# #HwHi#1#1# #b#te# #v#Ha#r#y#i#n#gH# #HO# #a#n#d# #t#th#te#n#t #1# #HwHi#l#l# #b#e#t
#HvHatrty#innugH #t#h#te# #G# #duinri#escHtH#itOHNS . # #SHOH #I# Ha#m# #HMHOHVHIHNHGH
H#HOHNH #pHOHIHNHLHSH HOH#TH #Ha# #SHpH#hHe#r#e# Ho#TH #HCHOENHSHIHaHNHLH #HrHa#d#I#UHSH
#Ho#r# #r#a#t#h#e#r# #r#afd#idu#s# #wih#i#cHh# #Kk#eH#eHpHSH H#HOHNH #HCHh#Ha#NHQRHIH#NHQH, #
#Ha#n# #Ha#nHgHl#e# #HO# HwHh#i#CHN# #HKHCHEHPHSH HOHNH HCHNhHANHGHIHNHQH H#Ha#n#d# #HO#
#wHh#ti#fc#th# #i#s# #Ha#tl#s#o# #Ho#h#ta#n#g#ifn#gH . # #O#K#a#y# . # #SHOH# Hi#t# #i#s#H
#b#e#t#t#etiry #t#h#ta#t# HwieH He#x#pHrie#sH#sH #Ht#h#I#sH #AH#Hz# #Hi#n# #HtHeHr#m#sH
HOHTH HAHT# Ha#n#d# HAHGH . #H#HNHORWHE #He#vHe#n# #HbHe#THO#r#He# HI# #OHOH #HtHOH
#t#h#ids# #A#r# #a#tn#d# #A#@#,# #yHOHUH# #mHa#y# #Ha#ts#k# #wih#a#t# #Ha#tbHo#u#t#
HAHOH?# HWHEeH1#1#, # HAHGH HWHOHNHH t# He#xHi#sHt# #sHi#m#p#lity# #b#e#cHa#u#sHeH
#sHeHte#t #y#HoHU# #hita#tvie# #Ht#h#i#s# Ha#n#t#e#in#n#a# #i#n# #t#h#i#s# #Ho#r#
#r#aftt#hte#tr#t #t#h#te#t #He#tl#eHtm#e#n#t# #i#n# #HU#h#i#SH #m#a#n#n#etir#, # #Hr#i#g#h#t#?#
#THh#1#SH #Hi#sH#H #t#th#te# #z# #d#i#r#e#cHt#endH# #T#iseH#lid# . # H#NHOHWH HiHm#a#gHiHNHeH
#t#h#a#t# Hy#HOH#U#'Hrie#, # H#HYHOHUH# #K#NHOH#WH, # #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

Attt H R R R R R R R R R HHHHHHH R R R R R R R R R R HHHHHHH T
W OH HCHOHMAPHOHNHCHNHIH . # HSHOH, #
#l#u#cH#k#iI#1#y#, # #Hwih#a#t# #HwiHe# #h#ta#vHe# #i#s# #Ho#nHl#y# #AHzZH#, # #wih#i#c#h#
#Hwite# #Hwii#l#l# #h#a#vite# Hi#n# Ht#e#r#mis# Ho#T# HAHr# #Ha#n#d# #A#GH#.# #WHh#a#t#
Hifts# HAHT#?# #AHr# #HwiHi#l#1# #b#e#t #AHz# #HCoHOHSH #HOH #Ha#n#d# #Ht#th#te#n# H#HAHOH
Hwii#tl#1# #b#e#t #-#AHz# H#SHi#tn# #HOH# . # #O#k#atty# . # #SH#Ho#t #t#h#te#tsHe# HwHi#l#1# #b#e#
#t#h#te# #HoHo#m#pHO#NHeHNHLHSH H#Hit#h#akt# #HyHo#HUH# Ha#r#eH# #HOHOH#LIHNH#HQH #HiHO#
#th#ta#tvite# . # ### (#R#e#THe#r# #S#H1#1I#dHeH H#THIHMHCH H2HSH  H2HOH )H HHAHHSHOH #nH#HOHWH
#t#h#a#t# #Hy#o#u# #Hhia#vHe# #Ht#h#e#sHeH HCHOHMEPHOHNHEHNHLHSH, # #DAUHLH HwHh#a#t#
#HiHsH HAHZH?H H#AH#zZH# #Hi#sH# #HbHa#sH#Hi#cHa#l#l#y# #(#@#0#/#4#@#r#)# #He#-#]HKAOHI # . #
#R#e#m#etmitbitetr# #t#h#ifts# #i#s# #Ht#th#e# #HpHa#r#t# #t#h#ta#t# HwHe# #h#ta#tvie#
#a#l#r#etattd#ty# #d#Ho#n#e# #i#tH# #Ha#n#Hd# #t#h#te# #Hi#n#tHe#Hg#rH#a#t#i#o#NH HwHaHsH
#o#vie#tr# #t#th#e#t #HoHuHr#r#e#n#t# #He#l#e#mie#n#t#, # #HwHh#i#c#h#, # #y#HoHu#
#k#NHORWH, # #i#n#sHt#e#artd#t #Ho#TH# #Hi#h#te# #vHOH1H#UAMHeH #Hi#tH Hi#sSH
#e#s#s#en#t#itan l#liy# #t#th#te# #cHu#r#r#e#n#t element that you are considering
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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#Hy#Ho#u#r# #AHz# #Ht#h#ta#t# #Hy#HoH#HU# #Hh#ta#viHeH# . # #HO#KHa#y# . # ### (H#R#eHTHeHr#
#SH1#1#dHeH HTHI#MHEH H2#6H# #AHL1H)H# HAHHAN#HOHWH #t#h#a#t# #yHOHUH# #h#ta#vHe#
#t#h#i#tsH# HAHZH#, # Hr#i#geh#t#, # #a#n#d# #y#HoHU# #K#ENHOHWH #Hwih#a#t# #i#s# #t#h#i#sH#
HAHT# #Ha#tn#d# #A#GH #Hi#n# HtHe#r#mus# #Ho#uT# HAHz#, # #HwHe# #hita#vie#

#eHoHmpH# lite#t#etd# #t#h#te#t #sHo#1#uHtHIAOHNH #THOHIH #AH#.# #HBHUHLH #I# #Ha#tm#
#n#o#t# #i#n#t#e#rieHsHtieHdy HiHNH HAH.# #I# #Ha#tm# #i#n#tH#eH#r#e#sH#tHe#dH Hi#n#
#H# . # #1# #k#n#o#w# #T#Hr#o#m# #Ht#h#te# #Hd#e#THi#n#i#nHgH #He#q#uHa#t#ifo#nH #THOHI#
#AH# #it#h#a#t# ##" #X# #AH #=# #B#,# #b#Hu#tH# #B# #i#s# HOHO#HH . # #O#k#arty#. . #
#T#Hh#te#r#e#tTHOHTHeH#, # HH# H=# ##" #X# HAHR/HQHOH . # #O#k#aty# . # ### (#R#e#THeH#r#
#SH1#i#d#e# HTHIAMHeH H2HTH HOHTH)# HAH#AN#OHWH #Ha#tgHa#i#n# #I# HwHoHuH1H#Hd#
#s#uHtgHgHesHt# #Ht#h#ta#tt# #yHo#U# #Ho#Ho# #HU#o# #t#th#e# #HCHUHr#1#
HeHXH#PHr#HeHSHSHI#OHNH #i#n# #t#h#e# #sHp#h#eHr#i#cHa#ly #cHoHOHr#d#IHNHAH LHEH
#HsHy#HSHL#EHMY, # #SHUD#SHIH#LIHLHURLHEH #THOHIH ##" #XH# #AH#, # #Hi#th#a#t# #Hi#s#
#s#udb#sHt#idt#utttedt #THOHr# #AH# #Ha#n#d# #t#h#e#n#t #HpHUHtH# #4#" #X# #AH.# #A#NHAH
#jHuHSHLH #HUHO# #Hriedm#ifn#td# #Hy#Ho#HU# HwhHh#a#t# #t#h#ta#t# #i#ts#, # #t#h#ids# #i#is#
Hrit#t/Hr#2# #SH1#NH #O#, # #O#-#hitattt#/#r#t #sHitn# #O# #Ha#n#d# #Ht#th#e#n# #y#HOHUH
#hitattvite#t #OH#-#hitatt#/Hr# # H#HYHOHUH HwHiH1#1# #h#tathvite# #H#"/##"r#, # ##"/##"O#
Ha#N#A# ##"/HH"O# HUHEHTHMHESH Ha#n#d# HUHhHEHNH H#HYHOHU# #Hh#a#vHeH# #AH#,#
HSHOHTHI#YH, # #AHTH#,# #A#OH Ha#tn#d# #1HUHCHKHI#1H#YH# #1i#n# HU#h#i#s# #HcHa#sHe#
#t#th#tetritett #i#ts# #n#Ho#t #HO# #eHo#MApHOHNHe#NALH . # #SHOH #Ht#h#i#sH #Hi#ts#H

HattcHt#utan L#l#y# Hr#A#HO# Hatn#d# H#HU#h#I#SH HwHi#l#1# H#HoHiHVHEH HyHOHUH #H#" #XH#
H#AH . # #HO#k#Ha#y# . # ### (#ReeH#THe#r# #SH1HI#dReH HTHIAMHEH H2HTH . HAHOH ) HHH#BHYHORUH
#sH#i#m#p#lity# #d#i#tviiddee#t #t#h#i#tsH #o#nHe# #bH#y# H1#/HOGHOH . # #SHOH# #YHOHUH
#d#i#v#itdue#t #He#v#e#riyHwithitettritett #o#y# #H1#/#QHO# #aunud# #Ht#h#e#
#d#e#tt#ettr#mtitnttatinttt# #Ho#TH# #t#h#i#ts# #HwHi#l#1# #o#i#viHe# #y#Ho#u# #Hi#h#te#
#mi#asgi#nseHt#idcH #T#iderl#dy #H# . # #O#K#any#H.# #1# HwHOH#NH#H t# #d#eHr#i#vHe#
#t#h#i#ts# Ho#n#e# #Hhite#r#e# . # #THh#1IHSH #i#SH #Ha#n# He#Xx#e#r#HCHi#SHe# #Ht#h#a#t# #I#
#wi#i#1#1# #1l#e#attvied #ift# #HtH#HoO# #HyHOHUH, # #HbHUuH#LH# #HE #HcH#a#iny #bHe#
HWHTHIHTHTHOHNHR HatSH HSHOHMHEH HCHOHNHSHUHAHNHLH #KH# #He#-#]HKHOHI# #SHI#HNH #HOH
#a#n#d# #(H1#/#r#2# #+# #JHKH#/Hr#)# HUHi#mBeHsH #HO# - th#taftt#t , # ### (H#R#te# THettr#
#S#H1#i#d#e# HTHIAMHeH H2#8#: #1#6#)##H#HAHNSORWH HbH#e#cHattutsHte#t HwHeH# Ha#rie#
#n#e#a#tr# #Ht#th#e# #He#n#d# #Ho#TH#H #t#h#i#s# #mHo#d#u#LlHte#, # #I1# HwHi#LI#L1H #j#HussHTH
H#HoHOHMAMBEHNHLH HOHNH #Ho#NnHe# #HpHa#r#HtH#i#cHUHLHa#r# HPHOHIANHTH . # H#WHeH #sH#Ha#i#d#
#t#h#tettritett #i#s#H #n#o# #OG# #duespHe#n#d#He#n#HCHer HOHNH HAH,# #HDHUHLH Hwih#ty# #Hi#s#
#t#th#tetsritett #a#t #O# #Hd#e#pHe#n#duetn#cHe# Ho#HN# #HAPH #HWHeH1#1#, # #i#n# #a#
#sHi#m#p#lite# #cHatsHe#, # #HyHOHUH# #HUHh#I#N#KH #HO#TH Ha#t HwHiHr#e#, # HCHUHrH#rH#HeHNHLH
#b#e#i#n#g# #HCHa#r#rii#e#d# #b#y# #i#th#e# #HwHiHr#e#.# #HWHh#a#t# #i#s# #t#h#e#
#m#attg#nttest#ittcH#t #T#idte#l#d# #d#i#rH#eHcHt#e#tdd Ha#tl#o#n#g#?# #T#h#te#



#HmHaKgHNHeHtHI#CH #THiHe#1#dH #i#s#H #HAHI#rHeHCHIHeHIH# H#Ha#lHOHNHQH #Hit#h#e# HOH
#d#i#r#etcHtH#ifORNH, # #r#i#tghh#t#?2# #SHO#, # #Ht#th#e#tr#e#THo#tr#te#, # #Ha#tl#t#h#o#uHgih#
#A# #i#ts# #i#n# #t#h#te# #HsHa#mie# HAHIHrHeHCHIHLIHOHNH Ha#tsH# #Hz#, # H#HH #Hi#sH
#d#i#r#esicHt#estds Ha#tl#o#nHg# #t#thite# HO# #Hd#i#tr#tetcHt#ittoHNH . # #O#k#atty# . # ##H#SHOH
#I# #h#a#tvie#t #Ho#tb#t#a#i#tin#e#td# #H# #bHY# Hufts#Hi#tn#g# #Ht#th#e# #He#tq#uHta#t#ifo#n#, #
#Muastx#wie#1#1## S# #He#qHuHant#iHOHNH #HH#" #X# HH#/HJHOHOHOH . # HYHOHUH #HCHa#NH
#a#l#s#o#t #T#i#n#d# #Ho#HUu#t# HwHh#a#t# HwHOAUH1H#dH# #b#e# #t#h#te# #He#l#eHcHt#r#i#icH
#f#ifte#1#d# #EH# #a#tin#d# #y#Ho#Hu# #cH#a#n# #TH#I#n#dH #Ho#u#Ht# #t#hite#

HeHXHPHY #HeHSHSHIAOHNH . # #it# (H#R#eH#THeHr# #SH1H#IHAHeH HTHIHMACH H2HBH  #LHIH)H# #Hi##HH
#Wie# #wHiHl#l# #sHt#a#r#t# #THr#o#mE #t#h#eHsHe# HeHXHPHrH#eHSHSHIAOHNHSH H#HOH#HTH #H#
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