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If you attended the NMR lecture you must have left the lsb lecture hall very much confused. If so you 
have joined a long line of year 1 students who have virtually close to zero idea what was discussed in 
that lecture. If you looked online or even through the book there is a mass of information all over the 
web about NMR, to me even Wikipedia couldn't make it sound like English. But fear not, I will show 
you how simple NMR can be. 
Bear in mind that the department asks very shallow questions about it, there were never any essay 
questions I have seen in SCTs. Professor Panyi, head of the dept. stated, he does not expect us to know 
all the inner workings, just the main principles and elements of NMR. He also promised to better the 
lecture slides to make them more understandable, hopefully they have done so by the time you went 
into the lecture hall. But in case they have not, instead of going through the entire, pretty complicated, 
mathematical and physical lecture, you will excuse me if i'll only stick to the most important, crucial 
key points. 
So lets understand NMR. 

NMR is an imaging method that works on properties of magnetic interactions with nuclear properties 
of elements and their surrounding. As always I love to take very complex topics, break them down and 
simplify them. I think i'll do the very same here.

We already know that electrons have spins to them, which is an inherent property of the electron. With 
nucleons (Protons and Neutrons) the same applies. These little subatomic particles also have spins to 
them. Now lets consider the nucleus itself. We know a nucleus consists of protons and neutrons, that 
we now know also have an inherent spin to them. Does that mean the nucleus also spins?

Well, the spins of the protons and neutrons sometime cancel each other out, but as long as there is an 
odd, uneven number of protons or neutrons, we're always going to have a spinning nucleus, by that 
logic, if I have, for example 8 neutrons and 8 protons in an element, the nucleus of that element is not 
going to show me any spin, since the neutrons and protons may cancel each other out. This is referred 
to as a zero “resultant nuclear spin”. As long as the resultant nuclear spin is not zero – this isotope is 
going to have a spinning nucleus. Isotopes that have a nucleus that has a spin to it can be used in NMR. 
If we take a look at minimal #83, we can see a list of such isotopes. H1 Is the best example, as it 
only has one proton in its nucleus, and it's very abundant in our body, so it's often used for NMR.

Another point we need to make is that it is a fundamental physical law (that you may know) that a 
moving charge creates a magnetic field around it. If we slowly put it all together, my H1 nucleus will 
have a spin, and also a tiny tiny magnetic field around it.
Now in real life, maybe some of you played around with magnets as kids, but in case you haven't, if 
you put a small magnet next to a very large and powerful one, the small one will align with the 
magnetic field of the bigger magnet, can't form that image in your head? The same thing happens when 
you place a compass in the ginormous magnetic field of earth, it aligns with it and points to north.

Now does that mean that inside my body I have all of these spinning tiny magnetic fields? Yes, that's 
exactly what it means. And that's exactly what we are using to attain information about the composition 
of our tissues. 
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Now I know that if I take a huge magnetic field and place a human being in it, all of the little H1

spinning nuclei with their respective magnetic field will align to it. In NMR it turns out that if I put 
myself in such a huge, magnetic field, some of the spins will align with the magnetic field in a lower, 
stable energy state (which is a favorable state – parallel to the field) and some will align against the 
magnetic field, in a higher, less stable energy state (which is less favorable state – anti parallel to the 
field). There are always going to be more aligned in the lower energy state, which is great, since these 
guys are the ones that give us our information. These two higher and lower energy states are also 
commonly referred to as “spin states”.

Just in case they ask, the distribution of high energy to low energy spin state nuclei (the amount of ones 
that align with and those that align against the magnetic field) is characterized by a distribution called 
the Boltzman distribution. Also you need to know that these lower and higher energy states have an 
energy difference between them, which makes sense, high and low energy states have a difference 
between them. Another thing you need to know is that this difference is linearly proportional to the 
strength of the magnetic field. Simply put, the stronger the magnetic field I am placing the sample in, 
the greater the energy difference between the higher and lower spin states is going to be. (Slide #8 in 
the 2011 NMR presentation shows us exactly that when we increase the magnetic field strength, in 
Tesla units, the two spin states are further away from one another)

Now it's quite important to understand that the magnetic field i'm placing my examined specimen in 
need to be a homogenous magnetic field. This simply means it needs to be uniform throughout, and not 
slightly stronger or weaker at one point. That way I get all of my little spinning nuclei to the same 
energy difference level to get a nice clear reading. 

Lets keep on going – Now that I have my sample 
placed in a homogenous magnetic field I have most 
of my nuclei spinning along with it, each of them 
pointing roughly along the magnetic field. If I add up 
all the individual spins of these nuclei lined up with 
the field I will get a bit arrow pointing in the 
direction of the field, as shown on the right by the 
red arrow pointing in the direction of the field. This 
red arrow representing the resultant spins of all the 
added up nuclei is called the spin-lattice vector 
(sometimes denotes T 1 ), while all the little 
individual nuclei spinning create a lot of small 
vectors – these are called the spin-spin vectors 
(sometimes denoted T 2 ).

Okay, so now I have a big arrow, or a big spin-lattice vector which is the sum of all the little spin-spin 
states, which is pointing along the magnetic field. Now what do I do? Well the idea with NMR is to get 
information about the environment that surrounds all of these spinning nuclei, if I know what all 
around them, I basically know the composition of my sample. How do I do that? Well, I can excite 
them and have them emit energy and read that energy. How do I excite them? Being that they are small 
magnetic fields I can excite them with another small magnetic, or use the magnetic component of 
ElectronMagnetic radiation, such as, Radiowaves, which are low frequency low energy electromagnetic 
waves that correlate to the energy of the magnetic fields the spinning nuclei have.



Back before we introduced the homogenous big magnetic field, all the little nuclei were spinning at 
random, their environment affected their spin and magnetic activity, and then we introduced the big 
magnetic field.

So now if I shoot them with a short pulse of radio frequency wave (RF wave) what is going to happen? 
Well we said the magnetic component of the RF pulse will excite all the little spinning nuclei causing 
them to drop from the original orientation with the homogenous magnetic field, the spin-lattice vector 
and spin in an individual manner according to their environment, their individual spin is their 
resonance, which is the R in NMR, now we are getting close. (The RF pulse is applied at a 90 degree 
angle to the magnetic field, that way it causes the individual spins to “drop away” from the field. That 
is why the RF pulse is also sometimes referred to as the “90 degree pulse”)

Now like we said the RF is only a pulse, so they only have energy for a short amount of time, and being 
that we never turn off the homogenous magnetic field, it's only a matter of short time before they all 
line back up with the field, and as the little spin-spin states, go from spinning in their own individual 
orientation with their individual resonance to lining back up with the spin-lattice vector of the 
homogenous magnetic field, they emit energy, which we can read.

Now what do I have? I have energy I read, from millions of little H1 nuclei, which is associated with 
the type of environment they are in. What do I mean? Well, the chemical environment surrounding each 
of these spinning nuclei also has other atoms bonded to in in various interactions, and they affect the 
nucleus' individual spin-spin resonance. So now I have all the information I need, gathered by reading 
the energies the spinning nuclei gave out when they returned to the spin-lattice from their individual 
spin-spin resonance states. Now I plus it into a computer and using some very complex formulation the 
output is simply an NMR spectrum, that I can read and figure out what elemental composition I have in 
my sample. 

So after we put it all together lets go through two expressions that may be asked. One is the Spin-
lattice, T1 recovery (or T1 relaxation) and the other is the spin-spin T2 decay (or T2 relaxation). Both 
of them occur simultaneously when I shoot the sample with the RF pulse. 
When that happens we said the little nuclei are now excited with extra energy and can drop off the spin-
lattice vector and spin at their own individual resonance. That's when the spin-lattice vector becomes 
smaller (because the nuclei are not completely aligned with it) and the spin-spin individual vectors gain 
energy and grow in magnitude (before the spin-spin states were hardly visible since the spin was 
aligned with the spin-lattice of the homogenous magnetic field). 
Now we said that being that the RF excitation was a pulse for a short time, the situation will slowly go 
back to normal, and that is when the spin-lattice recovers to it's full potential, that is the “spin-lattice 
relaxation”, and all the little spin-spin vectors lose their energy and “decay” - that is the spin-spin 
decay”. A graph depicting the two is shown in the 2011 lecture slide #14.



One more idea we need to discuss is “chemical shift”, which we already did discuss. All you need is to 
link it to what we said. There is nothing better to do than to copy and paste the minimal referring to 
chemical shift (minimal #81):
What is chemical shift in NMR?
The local magnetic field around a given nucleus is altered by the chemical environment resulting in a change in its  
original resonance frequency.

The fact that the chemical environment around the small magnetic field of the spinning 
nucleus affects the resonance (or the spin-spin state) was already discussed, but know 
you know it to be called “chemical shift”.
If you understand the basics of the ideas I presented in this document, in my mind, you 
are equipped with more than enough insight to NMR to easily tackle questions you may 
have in your 1st SCT or finals. But just because I like to hit the point home – lets go 
through some questions, these are questions from past papers, and you can logically 
expect these type of questions. So lets get started, shall we?

Lets consider the following relation analysis that appeared on a 1st SCT:

NMR uses a homogenous electric field to line up spin-spin states because 
in NMR the chemical environment around a spinning nucleus affects the resonance of  
that nucleus.

Lets consider the first statement. We know that in Nuclear Magnetic Resonance we use 
a homogenous Magnetic field. So first statement is, in fact, incorrect. 
Now lets consider the second statement. We know that the chemical environment affects 
the resonance of the individual spin-spin states of spinning nuclei, that is what chemical 
shift is. That supports the validity of the second statement. So we would mark a”D” in 
answering this one.

Lets do some T/F questions:

NMR uses non ionizing radiation.

Well, the only radiation used in NMR is the electromagnetic radiation of the radio wave 
frequency, that is a very low frequency and definitely non-ionizing. We'll answer this 
one with “True”

The NMR parallel and anti-parallel spin states align according to a Boltzman  
distribution 

The parallel and anti-parallel states refer to the favorable and unfavorable alignment 
with or against the magnetic field. We learned in this document that those spin states, in 
fact, are distributed according to the Boltzman distribution. 



In NMR the strength of the magnetic field is inversely proportional to the difference in  
energy levels between the two spin states

This refers to a topic we also covered. We said that the stronger the magnetic field, the 
more great the difference between the favorable and unfavorable (parallel and anti-
parallel) energy spin levels. Thus the strength of the magnetic field is linearly 
proportional to the difference in energy levels between the two spin states. So we'd mark 
a “False” on this one.
Minimum requirement questions

minimal #79:
What kind of factors influence the resonance frequency in NMR?
Quality of the absorbing nucleus, its chemical environment and the strength of the external magnetic field.
 
Based on our understanding of NMR, we know that the quality of the nucleus (it's 
“resultant spin”) affects the resonance. The chemical environment as well, as discussed 
previously due to interactions with the element alters the resonance, and the stronger the 
magnetic field, the more extensive the energy the spinning nucleus is going to release as 
it's relaxing back to the spin-lattice of the homogenous magnetic field.

Minimal #80:
How can the relative concentration of absorbing nuclei be determined from an NMR spectrum?
From the area under the absorption lines corresponding to different nuclei.

Here, on the right we can see an NMR spectrum (relax, you 
don't need to understand what it means and how to read it)
This same graph is better shown in the 2011 lecture slide 
#24. You can see that the area under the curve, or the 
“absorption lines”, represent the information we collected, 
and these peaks correlate to different molecules with 
different nuclei that are present in our sample. This is 
basically what the minimal is saying.

Minimals #81-83 were discussed at length in this document.

Electron Spin Resonance (ESR) was not discussed in this document since it is hardly 
represented in the lecture slides, it is not the essence of the material and it was not 
represented in any SCTs or finals I have seen. Also my personal impression at the time 
of the lecture from lecturer (Andrea) was that ESR was not really important to us.
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