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Today we have the feedback webinar on the first module of the course which is about the 
nucleus and before starting with the scientific part a few very short administrative things. So I 
told you last week that you can register to a mailing list where short, well where 
administrative announcements related to this course can be posted, not very frequently. I saw 
that just three people registered to that list and I'm not really sure whether this is due to 
technical issues with the list or whether just only three people thought this was useful. This 
was Damon, Ruben and Jeff I think, these three names I'm not 100% sure but if you didn't hear 
your name and you did register to that list or tried to register to that list then mention it in the 
YouTube chat and if I see many people appearing there then it means I have to do something 
differently for that list. It's not the most important topic, normally that list is only used in cases 
of emergency if I would not be able to make the feedback webinar at the right time for 
instance. But well, see what you can do. Then another administrative topic, the time reports. I 
told you last week you find at the bottom of every module page a link where you can report 
how much time you actually spent to that page and about 20 of these reports arrived which 
means that about 5 people filled out these reports for, there were 4 topics in the course so 5 
times 4 that's 20. Thank you very much to the people who did that effort, although I should 
also say there are many more people in the course so there is still room for improvement here 
so please try to make a few seconds of time available to fill out these reports, that's really 
helpful. Then let us have a look at who started this course because I have some data now and 
geographically if we look in Belgium we have a really interesting pattern, so there is a big, big 
group from Leuven, there is one participant from Brussels, a student from Brussels who 
registered in Ghent to take this course and so nobody who is really from Ghent and nobody 
from Antwerp. Quite an imbalanced geographical distribution, no problem with that, it is as it 
is. If we zoom out a bit further over Europe we have some participants from other countries 
from Norway, from the UK, I see Portugal, Czech Republic, Poland, Romania and if we zoom 
out to the world then we see some participants from the east and the west coast of the US, 
various places in South America, the south of Africa, India, so hyperfine interactions are found 
interesting everywhere on the planet I would say. No big numbers but all together a group of 
40-50 people who want to start the journey through this course. Mostly these are young 
people, so the age distribution, half of you is under 25, not surprising but there are even 
people older than I am participating, which is interesting. What is the current position of all 
these participants, there are a few, not many, courageous bachelor students and it is perfectly 
possible to take this course as a bachelor student, the type of knowledge you need should 
really be sufficient but the majority of you are master students with an almost equal amount 
of PhD students and a few postdocs or staff scientists. And your scientific background, the 
majority, three quarters are physicists, then some chemists and a smaller part of engineers or 
life scientists. I asked you to write a short background story about yourself and I just took a 
few more or less randomly picked stories here, so we have for instance a materials 
engineering student from Colombia who wants to study this course in order to be able to read 
papers that use hyperfine interaction methods. There was a student from Leuven, a master 
student who is curious about the true fundamentals of physics. Now this puts a big challenge, I 
am not sure whether this course can answer you what are the true fundamentals of physics, it 
is about very small things and very small phenomena, whether small is necessarily 



fundamental, you can discuss about that. So I am not sure whether we can meet this promise 
or this request but let's at least try to make it interesting. And the third one was a master 
student in Germany where I read in the story that the reason why the student found this 
course was that colleagues at CERN made an advertisement for that, which is for me nice to 
hear that also at this place the message of this course goes around. Good, that was some 
administration and data, what will we do today? I will give you feedback in the next hour 
about your reports, about the comments you made, about some questions you asked. Now 
about the questions you asked, I should comment a little thing, so you saw this slide last week 
where I drew your attention to the I have a question button which you see at the bottom of 
the front page of the course and I must say this year I got unusually few questions, I compared 
it to the same chapter last year and then there were order of magnitude ten questions asked. 
This year just one and it was even not a scientific question, somebody asked, well I submitted 
my PDF file with point charge calculations for the multiple moments and I do not know 
whether that file has arrived or not, so indeed the website probably doesn't send you a 
confirmation but if you don't get an error message, I have received many many files so that is 
working, you shouldn't worry about that, but that was the only question I got where last year 
there were ten questions. So maybe you were not yet sufficiently aware about this possibility 
or you were not convinced about how useful this possibility is, so I can just ask you again if in 
the next week you are studying the material and you happen to have a question, hit that 
button, I get all these questions in a nice list, I can prepare an answer and you will get an 
answer to that in the next feedback webinar. That's far more efficient than asking the 
questions in the YouTube chat during the feedback webinar, which you can perfectly do, no 
problem with that, I encourage you to do that, but if you know your question already in 
advance, put it in that question form and you will get a better answer because I can prepare 
for the answer. That brings us to the scientific part, so first topic was the properties of a 
nucleus and from the comments you made, I noticed that a few people with a nuclear physics 
background they had a feeling like this, this is well-known material for us, we have dealt with 
that already many times and that is true, so for nuclear physicists there was probably not 
much new in this topic, but this course is made not only for nuclear physicists, it's for people 
with a general science education, so for the other ones who are not nuclear physicists there 
was probably something new in this first module. Now I asked you about lists some properties 
of the nucleus and what I normally get is answers like this, if people tell that a nucleus has 
some charge, has perhaps a size, has a number of protons or neutrons and there it stops. Now 
this year this was not the case, you made much longer lists and I'm not sure I hesitate 
between two explanations for this, either this is because many of you have this nuclear 
physics background, that's one possibility, or it was because, well this new version of the 
website still has a few hiccups and one of the hiccups was that the form where you could write 
this answer was not yet of the post-first type, so you could immediately see the answers of 
the others without having prepared an answer yourself and therefore maybe you were 
influenced by the answers you saw and you immediately provided many more properties. No 
problem about that, the form has been changed to a post-first one by now, but let's look at a 
few of your answers, your long lists and you see here that there are indeed many more 
properties of a nucleus than just the charge or the number of neutrons and protons and that 
was the message of this first topic, if we think about a nucleus we do not think only about a 
point charge, we think about an object that has a list of properties and here this is a copy from 
the video, here I list what are the topics, the properties of the nucleus that will be relevant for 
the rest of the course. In the slides where this was shown there was a small exercise and just 



to illustrate which kind of questions you could ask, I show here a question that was asked last 
year about this and somebody said I tried to make that little exercise and I didn't succeed, can 
you tell me how to do that, the answer to that one was, so the exercise was make an order of 
magnitude estimate for the precession frequency of a nucleus, a nucleus spins, so what is the 
spin frequency in a classical, if you think about it in a classical picture then the reasoning goes 
like this, you use the classical relation between the angular momentum L and the precession 
frequency, the proportionality object there is the moment of inertia and if you then assume 
the nucleus is a classical sphere with a given radius, radius was one of these properties and a 
given mass, mass is another property, you can calculate the moment of inertia for a sphere 
with these properties, you can calculate the angular momentum if you know the spin value 
and square root of spin times spin plus one times h bar and that means that in this expression 
the only unknown that is left is the precession frequency, so you can have a classical estimate 
for the precession frequency of that nucleus. This you didn't ask that question but this is an 
example of the type of questions that could be asked and that could be answered. In the 
forum at the end of the module I asked you several confidence statements and this was the 
first one, so if you get the statement I feel confident that I can give five or more properties of 
a nucleus when a stranger on the street stops me and asks me for it, how confident do you 
feel you can answer this, from one not confident at all to six very confident and you see that 
the weight is very much to the right hand side, so it's clear you know that the nucleus has 
more than a few basic properties. Another of these confidence questions was for a given 
nuclear property I can quote a range of typical values and there you feel less confident, so 
therefore my message to you is take this list from the video where you have for all of these 
basic properties the range of typical values charges you will not hesitate I guess that charges 
of nuclei can be roughly from one yeah that's the minimal value to 100 more or less that 
lifetimes they can range from femtoseconds to the lifetime of the universe a mean square 
radius from one to six femtometers, so have a few orders of magnitude in mind for all of these 
properties that will help your intuitive reasoning about this, where do we find these nuclear 
properties if we have to look up values that's why we introduced a database and there were 
people who particularly liked that database, well having that database that is the thing that 
could you make confident to for the confidence statement I know where to find information 
about experimental values for for instance electric nuclear quadrupole moments if you know 
that database you can answer yes I'm very confident I can find these values if I need them and 
the database as you saw in the video can look like this and you can look up all known values 
for all known isotopes and levels. Multipole moments that was the next topic and also that 
was appreciated by some people someone said I finally know a bit more about multipoles I 
had studied this in the past but I never really understood what they were so that's nice to 
hear. The related confidence statements I understand the advantages of representing a 
general charge distribution by a sum of multiple contributions and you see that the weight 
here is towards the right hand side so many of you feel reasonably confident about that but 
with a little hesitation so let me therefore reiterate the basic id this is a question that originally 
comes from classical electrostatics we have for instance a positive point charge and I wonder 
what is the electric potential at any point in space around that point charge that's a number 
I'm asking for a scalar or I could ask what is the electric field at any point in space around that 
point charge that's a vector I'm asking for or I could wonder what is the gradient of the electric 
field at any point in space around that point charge that's a tensor I'm asking for so these are 
legitimate questions in classical electrostatics and I do this for a point charge you can of course 
immediately imagine that this point charge is a nucleus so you could ask that question about 



potentials, fields, tensors around a nucleus but you don't have to stop at a point charge you 
can ask the same questions about more complicated charge distributions one of them could 
be a dipole positive point charge and an equally large but negative point charge at a certain 
distance away from each other the field lines look very different so the answers to my 
questions what is the potential what is the field what is the gradient of the field at any point in 
space these answers will be very different or I could take another arrangement of point 
charges a quadrupole not a dipole a quadrupole that again has a very different field 
distribution so multipoles I will come to the conclusion what they are but multipoles are 
sources of particular types of field distributions you can think about them that way why do we 
need them because a general charge distribution which is generally complex can be written as 
a sum of pure multipole contributions you can have a term that is the monopole term that 
involves only scalar properties plus a dipole term that involves vectors plus a quadrupole term 
that involves tensors of rank two up to infinity for tensors of rank well whatever you want and 
usually this is an under the proper conditions this is a rapidly converging series so by working 
with the first few terms of the series expansion you can approximate the experimental values 
quite well. Confidence statements I can draw point charge configurations for monopole dipole 
and quadrupole moments and I can show that each of these has zero lower order multiple 
moments here I still see a distribution that is towards the right but there is a long tail of 
people who hesitate about this well I had given the answer already on the previous slides 
what are point charge contributions that correspond to particular multiple values these are 
the ones if you want a monopole field you need a single point charge if you want a dipole field 
you need a pure electric dipole if you need a quadrupole field and you have the point charge 
configuration you see there at the right hand side a quadrupole configuration. Can you see 
that these have always lower order monopole moments that are zero multiple moments that 
are zero well let's do that take the dipole configuration that's the second term in the series 
expansion the previous term in the series expansion is the monopole term the monopole was 
the charge so can we see that a dipole has zero monopole moment has zero charge and yes by 
definition a dipole has a positive and a negative charge that are equal so a dipole has zero 
monopole moment the dipole itself is represented as a vector it's not a scalar property 
anymore it's a vector property where the length of the vector is the distance between the two 
charges multiplied by the value of the positive charge. Knowing that we can look at the 
quadrupole does the quadrupole the pure quadrupole does it have monopole and dipole 
moments that are zero so yes the monopole moment that's the total charge so the sum of 
these two positive and two negative charges is zero quadrupole has a zero monopole moment 
and you can recognize in the quadrupole configuration two dipoles with dipole vectors that 
are oppositely oriented so these two dipole vectors sum to the zero vector and therefore this 
pure quadrupole has zero dipole moment so in this way you can demonstrate that a pure 
multipole has all multiple moments of lower order being zero and that was what that 
confidence question asked. So in the video this was all represented on this slide where you 
have the full ID a general charge distribution that is written as an infinite sum of multiple 
moments. Another example of a question that was asked last year somebody asked last year 
for the magnetic multipole moments it was said in the video that a magnetic dipole moment 
can be represented by a bar magnet why is that and my answer last year was if you have an 
electric dipole and you look at the field lines of the electric dipole you see this pattern if you 
take a magnetic dipole so a magnetic positive charge and a magnetic negative charge which is 
in terms of magnet is a north pole and a south pole then you get a very similar field line 
pattern but now for magnetic fields not for electric fields so this configuration of one magnetic 



north pole and one magnetic south pole together that's a bar magnet so a dipole or a bar 
magnet these are this is just a different word for the same concept. So I find it very helpful if 
we talk about magnetic dipoles to imagine that there is a bar magnet at that place because 
then you can spontaneously draw the field lines that you are familiar with from classical 
electromagnetism and well you will see what the dipole does. Again this was not a question 
that was asked this year but I found it an interesting question and I show it to you as an 
illustration of the type of questions you could possibly ask. In the topic on multiple moments I 
asked you to give some examples either taken from daily life or from science where multiple 
moments play a role and this is a non-limited list of some things you gave and some people 
familiar with particle accelerators they say well we can use quadrupole magnets in a particle 
accelerator to focus a beam that's an application of multiple moments. Polar and non-polar 
molecules you can give an electric dipole moment you can associate an electric dipole 
moment with a polar molecule so yes that's a correct example. Gravitational waves that 
appeared quite a few times so that too can be discussed in terms of a multipole expansion. 
Second example is the same multiple moment expansion for gravitational waves in general 
relativity. The magnetic field of the earth that's a dipole field a north and a south pole we even 
call it like that on earth. There are multiple moments used in the propagation of 
electromagnetic waves very much true if you go into the mathematics of that or multiple 
moments in rotations of nuclei and that is then more the nuclear physics topic again. This was 
meant to illustrate that multiple moments are not just something we use in hyperfine physics 
it's something that is of a more general nature that appears in quite some areas of physics. 
Then there was a more calculational task and the confidence statement that was related to 
that was this one I can write down a quantitative expression for the few lowest order multiple 
moments of a given configuration of electric point charges. Here the confidence speaks near 
the middle so some people are very confident about that some people have troubles with this. 
Let's look at your answers because this was the answer to this task where sorry I'm distracted 
here. This was the question given the task given you have two configurations of positive point 
charges one planar and one three-dimensional one. Calculate for each of these the monopole 
moment the dipole moment and the quadruple moment. Let's first take the general 
expressions the monopole moment was this integral that gives you just one number the dipole 
moment were three integrals you get three numbers three components of a vector the 
quadruple moment nine integrals of which only five are independent from each other so you 
get five components of a tensor of rank two and so on. Let's do that for the first charge 
distribution the two-dimensional one and I show you taken from one of your reports the 
electric monopole moments of that charge distribution which is just the total charge four 
times q that's a correct answer and the electric dipole moment which is a vector so we need 
three components and I see on this answer the general expression is repeated you fill out the 
coordinates of all the points and you find an x component a y component and a zero z 
component so you have that vector so this is a correct answer. Let me compare that with 
another answer here again you find one number for the monopole moments and it's the same 
four q four q we had four q in the first answer we have four q in the second answer. Let's look 
at the components of the dipole moment and in the second answer I see an x a y and in the 
text z component and their values are 0 0 and 0 so the dipole moment is found to be the zero 
vector while in the previous answer the dipole moment is not the zero vector which of these 
two answers is correct both are correct and why can they can they be different because the 
result for the dipole moment vector depends on the choice of axis system it's not a universal 
object it depends on the axis system you have chosen and for the first answer well here you 



see the axis system so at the upper left corner and maybe I should take the pointer. So here 
you see these four point charges at a distance a in the horizontal direction at a distance 2a in 
the vertical direction and this student has taken an axis system that has its origin here in the 
lower left corner so this is the x axis this is the y axis in that axis system this is the dipole 
vector. In the other answer this was taken as the axis system so again the point charges and 
now you take the origin of the axis system here in the center with a horizontal x axis a vertical 
y axis different coordinates and with these coordinates the dipole moment turns out to be the 
zero vector so one important message dipole moments quadruple moments they depend on 
the choice of your axis system. Another message this is another answer and in this answer for 
the dipole moment only two components are given an x and y component and okay in this 
particular example the z component was zero so you don't strictly need to mention it but it's 
dangerous a dipole vector is really a three-dimensional vector so always give the three 
components even if it is for a planar charge configuration we will see immediately an example 
where that really matters and the example is already here because all of this was for the 
dipole moment now we go to the quadruple moment and several people they write the 
expressions for the quadruple moment components and they say well this is a planar charge 
configuration so the z direction does not matter and qzz and all terms that involve the z 
coordinates they must be zero so rather than a three by three matrix I have a two by two 
matrix and that is really incorrect quadruple moment is always a three by three matrix 
independent of how many dimensions your charge configuration has keep this in mind I will 
show this result again once we have seen the correct result for the quadruple moment tensor 
and you will see that here it really matters that you cannot just neglect that z component. A 
similar reasoning was here in this piece of text that is taken from one of your reports I read 
with you for the quadruple moment we can use certain constraints to minimize the amount of 
components we should calculate not so sure about that as the system is two dimensional any 
component with an influence in the z direction should be zero that is not true but this student 
uses this as an argument to cut away the row and the column that contains the z but that is 
not true we will immediately see why it is not true and as the matrix should be symmetric and 
traceless we then know that qxx is minus qyy traceless no traceless always means it the trace 
of three elements that should be zero you cannot reduce that to a trace of two elements again 
once you see the right answer you will see why this is true and this is an example of a right 
answer so somebody who has taken the origin of the axis system here in the lower left corner 
and if you go through the calculations and I show only the qxx and the qxy you will find this 
quadruple moment tensor is it symmetric yes because well we have a few zeros and two off 
diagonal elements that are identical is it traceless and now I see there must be a small mistake 
here there is a minus four and no no it's okay there is a minus four a minus 10 that's minus 14 
and plus 14 here so this is indeed traceless. If you take the origin of the axis system in the 
center of the two-dimensional charge distribution then your coordinates are different the 
reasoning is the same but now you will find only diagonal elements that are zero that are non-
zero and you have for instance minus two times a constant plus seven times a constant minus 
five times a constant it's a diagonal matrix so it's definitely symmetric and it's traceless minus 
two plus seven minus five that's zero. So if I compare that with the answer that I showed 
before where somebody took only the two by two matrix you see that this first student has 
done the calculations correctly the xx is correct the yy is correct but then you rather than 
stopping here you should have calculated the zz as well even for a charge distribution that has 
no charges in the z direction that zz component is not zero and the tracelessness is really a 
tracelessness over the three diagonal elements if you take only two of them they will not sum 



to zero. So that is an important message I think. Here is another answer of somebody who 
made a similar mistake this person wrote the three by three matrix explicitly but did not 
calculate anything for the elements that contain z and immediately assumed these will be zero 
and wrote the zeros but no not correct you need a zz different from zero here to have the 
tracelessness. And I show some more results with explicit formula so if you want to verify your 
own calculations or if you didn't see how you could get to these numbers by looking at these 
expressions you will be able to reconstruct what these people really did. For the three-
dimensional charge distribution once you know it for the two-dimensional one it's a piece of 
cake just a few more lines of algebra to find it for the three-dimensional one and I show you 
the correct results for verification with a few derivations. So if you choose the origin of the 
axis system in the body center of that three-dimensional charge distribution you find this 
quadruple moment here which is diagonal and we will see in a few weeks what is the that 
there is a mathematical reason why you can make that diagonal. It's diagonal and it's traceless 
minus six minus six plus twelve. If you choose the origin of the axis system in one of the 
charges then your quadruple moment matrix will look totally different but it's still symmetric. 
6 with 6, 12 with 12, 12 with 12 and it's traceless minus 12 minus 12 plus 24 which is what is 
shown in a larger way here. So with this you can you have the recipe to calculate these 
monopole, dipole and quadruple moments for given configurations of point charges. The 
algebra can quickly get tedious and no worries you will not have to do this again for more 
complicated things but having gone through that procedure once you can feel confident that 
these mathematical objects are things you can calculate yourself. Let's make a little 
elaboration or interpretation on this. One of the confidence statements was I can explain how 
the shape of a fast spinning nucleus can be approximated to a quantum speed and how the 
shape of a fast spinning nucleus can be approximated by just a few scalar numbers. I have 
been stressing so far you need vectors, you need tensors to describe these multiple moments 
but in practical nuclear physics you will not often talk about a quadruple moment tensor. The 
spectroscopic quadruple moment and that will be called the quadruple moment. What is the 
relation between that multiple moment tensor and that single number that is what this 
confidence question probes to. The answer is this one so yes we need this general multipole 
expansion where we have quadruple moment tensors and if we visualize that for a nucleus of 
an arbitrary shape we could say I can represent this nucleus as a sum of a point charge then a 
dipole but for a nucleus there will not be a dipole contribution then a quadruple contribution 
which is the nucleus represented as an ellipsoid and then there is also something the nucleus 
represented as a sphere which is something that belongs to the monopole term but which in 
the multipole expansion itself does not play a direct role because you remember from classical 
physics the gravitational field or the electrical fields outside of a sphere is the same as if the 
sphere would be a point charge so you will not directly recognize the radius of the sphere in 
the multipole expansion although it is there and for interactions that size of the sphere will 
play a role we will come to that in three weeks but here I just put it as a given next to the 
point charge where you have just the value of the charge also the radius of the sphere will be 
important so the three numbers you could give the three basic numbers you could give for 
such a nucleus is the value of the point charge the radius of the sphere and then how this 
ellipsoid looks like. To describe an ellipsoid you need several numbers but because the nucleus 
is spinning and we calculated that classical spinning frequency a few slides ago and that 
number I didn't give you the number but if you do the calculation you will find that that 
number is gigantic so nuclei are spinning very very fast and that means that this ellipsoid will 
be spherically averaged if you look perpendicular to the spinning direction and that means 



that in that direction perpendicular to the spinning direction there is no difference in 
whatever direction you go you find the same properties so if we take the spinning direction as 
the z direction then in the x direction and the y direction the x x and y y x and y y elements 
there will be there will happen the same will happen so q x x and q y y for a fast spinning 
nucleus are identical and due to the tracelessness you know them if you know the zz element 
so by this reasoning the quadrupole moment matrix the three by three matrix you can get it 
into a diagonal matrix if you choose the proper axis system we will come to that in a few 
weeks and due to that spinning behavior of the nucleus you can even just describe this by one 
number because by knowing one number and the tracelessness you know the other two 
numbers that's why you can describe a spinning nucleus by just three numbers the charge the 
radius and the spectroscopic quadrupole moment next confidence question i can explain the 
major trends of this spectroscopic quadrupole moment throughout the list of all nuclei quite 
some hesitation here but that was meant as a statement about this picture so i had told you in 
the video that you can describe the quadrupole moment or you can express the quadrupole 
moment as a series of constants involving the charge and at the right hand side of this 
expression the average radius of the nucleus squared and the beta parameter which is a 
dimensionless way to express the ellipsoidity if beta equals zero then you have a sphere if 
beta becomes very different from zero then you have a very elongated ellipsoid now if you 
take all the nuclei for which you know the spectroscopic quadrupole moment and you plot 
that spectroscopic quadrupole moment as a function of the mass of the nucleus then you get 
a behavior that well if you look at it in some detail you will recognize oscillations so you will 
have a bump that always comes down to zero and here the bump becomes very large and so 
when it comes down to zero so when you have spherical nuclei these are the nuclei with 
closed shells just as in atomic physics a nucleus with closed shells is spherical so we'll have no 
quadrupole moments that is what you recognize here so whenever the nucleus is spherical 
whenever the nucleus has closed shells the beta is zero so that will bring this expression to 
these zero points here but the heavier the nucleus the larger the sphere that approximates 
the nucleus so the larger this term here and that means for the very heavy nuclei the same 
deformation will due to the large sphere result in a larger quadrupole moment than for the 
very light nuclei so this reasoning can summarize in just one picture the major overall behavior 
of the spectroscopic quadrupole moment that was what that confidence question was about. 
Another one with some hesitation I can relate the reasoning of the multipole expansion of an 
electric charge distribution to the multipole expansion of a current distribution and okay and 
then the text was shortened a bit and I can recognize that was probably what was there I can 
recognize the different objects or ingredients in these reasonings so what I meant with this 
was you have seen the slide where you had a general charge distribution that is then 
expressed as a sum of multiple moments you can do exactly the same for a general current 
distribution so moving charges and these can be expressed as a sum of magnetic multiple 
moments which have different symmetry properties so there is no magnetic monopole 
moment term the first non-zero term is the magnetic dipole term which is either the ring 
current or the bar magnet depending on how you prefer to to describe this one of these two 
there is no magnetic quadrupole term the next non-zero one is the magnetic octupole term 
which is a tensor of rank three so it's a bit different but the overall reasoning is exactly the 
same for the current distribution for the magnetic properties as for the charge distribution for 
the electrostatic properties and then we come to multipole radiation which was by many of 
you quoted as the most interesting topic here you feel quite confident again the statement 
was I conceptually understand the relation between multiple moments and the corresponding 



multiple radiation which I tried to explain by you start from a multiple moment in this case a 
dipole moment an electric dipole moment and if that dipole becomes time dependent if the 
plus and minus charges change place in a time dependent way then you generate 
electromagnetic waves of a particular shape and this is what is called dipole radiation this is 
how a basic antenna works and you can generalize this to more complicated objects and there 
was there is here an example of a mercury droplet that is on a vibrating plate you have the link 
there if you want to see the movie and depending on the frequency of the vibration and the 
pattern of the vibration you can let this oscillate in a very symmetric way and if these would 
be charges that would be charges that would generate another typical electromagnetic wave 
pattern so different multiple moments if they oscillate will give rise to different patterns of 
electromagnetic waves and well this is a classical explanation in the video you have seen that 
you cannot directly transform this to nuclei because in contrast to an antenna a nucleus is not 
powered it has no constant supply of energy and a nucleus decays from a state with one 
multiple moment to a state with another multiple moment so you always get mixed terms in 
the emission of radiation not pure multiple moments but if you take that into account you can 
see how you can express such a transition matrix element as a sum of pure multiple radiation 
patterns and you have the say the e2 m1 components in your transition electrical dipole 
radiation magnetic monopole radiation these terms can appear in the series expansion of such 
a transition matrix element there was no specific task related to that so i can stop at this point 
and this concludes the feedback webinar for today so with this you will be ready to tackle the 
topic of the next week which is the general framework of hyperfine interactions we have now 
brushed up our knowledge about the properties of the nucleus we have introduced some 
concepts especially everything related to the multipole expansion that we will need in the 
coming weeks and now we will in in the week that is ahead of us and we can as well we can 
build the general framework of which everything in the in the next weeks will depend let me 
turn to the youtube chat where some things appeared so dries mentions that he tried to 
subscribe to the mailing list but received an error message and dries did you try to send a mail 
to that list because there is the list the easiest way to subscribe would be to send the mail that 
was that is mentioned on the core site a mail with a subscribe as the as the subject line so 
maybe try that once again and i will look later today if i don't see your name appearing in the 
list and i know that also that doesn't work any longer robbe asked and okay dries said that you 
you he tried to send the mail okay then at least for the people from flanders for whom the 
practical information has the largest largest possible implications i will make a separate list 
with all of you automatically included will be done and robbe asks is there a book on hyperfine 
interactions that you can recommend well the reason why this course is here and the reason 
why the course is in the format that you see is that the ideal book for this course was missing 
to my feeling you have several books that are very technical so the complete mathematical 
formalism of hyperfine interactions and of the yeah and and some of the methods that are 
derived from this that complete mathematical formalism that has been worked out in mainly 
the 60s and there are a few famous books that explain everything from a to z with lots of 
tensor algebra well yes you have everything there but unless you want to do further 
methodology developments or very detailed analysis of some experiments these books will 
not help you and mastering these books that will be such a long effort most people well will 
not have the time to spend that effort there are also a few uh yeah hand-waving explanations 
of hyperfine interactions that that are available in some texts but they do not always give you 
the full picture and they are maybe even too hand-waving so something in between where 
you have the full framework and the word is still on the slide where you have the full 



framework without too much mathematical detail such a book i do not know and that is why 
this course had been developed many years ago maybe if we would have lived in the 60s i 
would have written a book about that now it's a website any other question I don't see any 
okay then we will stop here and we meet again next week same time and well same site. Bye.  


