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Welcome back. In the last class we discussed about the Zeeman interaction, we found out the
population ratio between two energy states for protons, in different magnetic fields. dWe also
calculated the sensitivity factor, and we also found out what happened to the sensitivity as we
enhance the magnetic field; and we understood Larmor frequency varieites of things we

discussed.

And as far as the sensitivity is concerned not only the magnetic field there are several other
factors which govern the sensitivity of detection of the NMR signal. Today let us start with this
and see what are the other factors which can give raise to enhanced sensitivity; there are several
other factors that give raise to the sensitivity.
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Now signal sensitivity also depends upon temperature. Look at the this is a Boltzmann equation
N beta divided by N alpha; we also worked out, it depends upon the energy separation divided by
Boltzmann constant into T, which is the temperature. You cannot deal with this thing, the energy
separation you can deal by the magnetic field. But what about the temperature? that is in your
hands. Can you not vary the temperature? what happens? Let us say I go to low temperature. At
0 K, of course you cannot achieve absolute 0 K, I agree, assume T = 0, then what will happen? If
you look at the N beta for N alpha ratio, it will become e to the power of minus infinity. So, N
beta divided by N alpha becomes 0. That means N beta = 0, it means all the spins are in the
lower energy state. And this gives rise to a lot of population difference as all the spins are in the

lower energy state. In the higher energy state there are no spins at all.

That means be the population differenc is enormous at low temperature. So that means when the
population difference is larger, the sensitivity is increased. That is one thing; thus the sensitivity
gets increased with the reduced temperature.
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Now you may ask me a question why should I go to low temperature, what happens if I increase
the temperature? Increase to very high value, let us say I go to T which is equal to infinity. Put

infinity here in this equation; infinity is in the denominator then what will happen? N beta / N



alpha will become equal to e to the power -0 which is equal to 1. So that means N alpha becomes

equal to N beta; that is, the population between both the spins states are equal.

In the alpha state and beta state the same number of spins are present. This is a condition called
saturation in NMR. That way there is no population difference, the spin state energy levels are
saturated, you do not see any signal at all; no signal will be seen, this is saturation condition.
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I just introduced the saturation. Now let us see what happened to gamma, which is another factor
which is responsible for sensitivity. Of course you cannot change the gamma, gamma is a
constant for a given nucleus. It is not in your hands. But let us see what happens for different
nuclei with the different gamma, how the sensitivity varies. Proton nucleus has highest gamma
among all the stable nuclei. So, proton has the highest sensitivity among all is stable NMR active
nuclei.
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Higher the magnetic field, larger the
energy separation, higher the sensitivity.

And higher the magnetic field, the energy separation becomes larger and larger, higher the
magnetic field, higher the separation and higher the sensitivity. This we understood.
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And sensitivity also depends upon 3 more factors; the magnetic moment, population difference
and coil flux. All these 3 factors depend upon gamma. That means sensitivity is given by gamma
cube. I told you proton is the nucleus which has highest gamma, highest gamma means gamma

cube; that means you will understand; which is the most sensitive nuclei? Protons, protons are



the most sensitive nuclei for detection because this is the one nucleus which has highest gamma

among all the stable NMR active nuclei. So, detection of protons is high sensitivity.

Remember I said NMR is insensitivity for detection. The sensitivity which I am talking is
relative, relative to other nuclei proton is highly sensitive.
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Let us compare the sensitivity of proton, carbon and nitrogen. Take the ratio of the proton and
carbon sensitivity. That goes with the ratio of gamma. See in this equation here we can see B; 2
pi, gamma everything will be there. But if you take the ratio most of the things gets cancelled out
and only gamma will be left. gamma cube of proton and the gamma cube of carbon if you

consider, take the ratio it is 63.

I told you the ratio of gamma of proton and carbon is 4; carbon is 4 times smaller than proton.
So, gamma cube; 4 cube is 64. So, it is approximately 64 you are getting 63 something. If you
take nitrogen-15, it is 10 times lower gamma. But remember nitrogen has a negative magnetic
moment. Does not matter, but if you consider the ratio it is almost 1000 times smaller. So,

nitrogen is even more less sensitive compared to that of carbon-13.



Further, another important thing is, if you consider the ratio between these 2, compared to proton
carbon is less sensitive; compared to carbon, nitrogen 15 even less sensitive; 960 times lower
sensitive compared to proton.

(Refer Slide Time: 06:25)
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Now also sensitivity depends upon natural abundance of the isotope. For example you take
proton, it has 100% abundant, almost 99.98%, fluorine, phosphorus 31, they are all isotopes with
100% abundance., They are more sensitive for detection; detection of these nuclei are much
more sensitive compared to other nuclei.
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When I look at carbon-13, it is 1.1%, nitrogen-15 it is actually even smaller 0.037 and these are
isotopes with a very low natural abundance. These are all natural abundance I am talking, and
what does it mean? take carbon if I take 100 molecules containing carbon, 99 of them are in
carbon 12; only one of them correspond to carbon 13 isotopomer. So, you have to detect among
100 molecules only one molecule which has carbon in carbon 13 state, that is going to give you
the signal, you understand? That is the reason why the sensitivity of detection becomes more
difficult as gamma and also natural abundance become smaller and smaller.
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Let us consider sensitivity taking into account the natural abundance also. Earlier we calculated
63 taking into account only gamma cube. Now proton abundance is 100% almost, carbon is 1.1%
take the ratio. Now taking natural abundance into account, it is nearly 5600 times less sensitive.
What about nitrogen 15?7 my god, look at it, it is 260000 times much less sensitive compared to
that of proton. So, if you take sensitivity, taking into account the natural abundance and also
gamma, nitrogen 15 is least sensitive than carbon 13, compared to proton.
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Now if you go to the table of NMR active nuclei you can see so many nuclei are there. You can
see different colours here, different colours correspond to different spins here; like what is
written here; spins it means spin half, spin 1, 3/2, 5/2 etcetera. You can see in the entire periodic
table at least there is one element or one isotope of an element which has spin. That means you

can study almost all elements of the periodic table by NMR.

This is the beauty every element in the periodic table can be studied by NMR. That means any
material you consider be it organic molecule, bio molecule or inorganic molecule or any material
for that matter, they are all made up of one of these elements. That means you can utilize NMR
to study anything. Material science you can do, biophysics, biochemistry chemistry, inorganic
chemistry; in all branches of science NMR can be utilized. That is the beauty of NMR.
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Now let us compare the relative intensity of different nuclei. These are the spectra obtained at
250 megahertz; just a stick plot. You can see that the proton is 100% abundant; that is taken as a
standard with 100% abundance natural, highest gamma. Then comes fluorine, as you see here if
you come near this region carbon 13 is very, very small. If you see in this region nitrogen-15 and
others; they are not even seen here, very low sensitive. we calculated also nitrogen 15 has very

low gamma and very low natural abundance. These are the least sensitive nuclei in this region.

So, the proton, fluorine, phosphorus, carbo,n these are generally common nuclei studied. Among
them these are highly sensitive. Carbon and nitrogen are very least sensitive. Now we will induce
the resonance. So far we understood the concept of NMR and varieties of things. How do you
see the resonance? for this to understand we have to ensure the spins in the lower energy state
should go to higher energy state and spins in the higher energy state should come to the lower

energy state, and vice versa both should happen.

And remember if I have to see that in radio frequency region, only stimulated absorption or
stimulated emission is possible. Spontaneous emission is practically ruled out in the radio
frequency region.
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So, what we do is put the samples in a magnetic field. There is a small population difference
between these 2; alpha state and beta state, and apply a radio frequency pulse like this, external
from outside. And this should match with the energy separation between these two, this
frequency. Then the spins undergo transition from alpha to beta and beta to alpha. And then we

are going to see the signal.

Remember when the spins undergo transition, I told you a long back, the difference in the spins
populations is what we are going to detect; and we are going to get the signal. And the only thing
is the external radiofrequency pulse we are going to apply, RF radiation here should exactly
match with the frequency separation between alpha and beta states. With this now I am going to
introduce another term called random phase approximation and the concept of bulk
magnetization.
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Consider the orientation of each nuclear spin. I said it is a dipole; we can treat it as a vector. If
you take ensemble of nuclear spins, millions and millions of nuclear spins are there. All of them
are precessing at the same frequency, in the same direction; those which are in the direction of
the magnetic field, they all will be rotating in the same frequency in the same direction.
However, at any given instant of time, they are random in phase.
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Especially, if you look at this individual magnetic moments at equilibrium. They are all

oscillating, if I consider the magnetic moment, the x and y component when they are undergoing



rotation like this the x, y components see here they all oscillate, as a consequence of the
precession and p is not aligned along B. p is constantly getting changed like this. If you look at
this, the x, y component if you consider here; the x, y components at any given instant of time,
you see one vector here, other vector in the opposite direction. The ensemble average if you take,
the orientation of nuclear spins in the XY plane, get averaged out. It becomes 0, the vector
addition is 0.
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Whereas now consider an example like this; all the alpha spin states you consider they are all
precessing in a cone opening upwords like this. We saw that; and the spin ensemble do not have
any phase coherence, they will be rotating. Now apply a high power radiofrequency pulse.
Generally radiofrequency pulses are applied for a short time, we call it a 90 pulse, 180 pulse
etcetera. The pulse width are of the order of microseconds. Remember the pulse width are of the
order of microseconds. Once you apply radiofrequency pulse it brings all these spins into the
phase coherence. That means all the nuclear spins, when you apply rf, conceptually from the Z
orientation you are bringing it to the XY plane. The precision motions are identical and the spins
ensemble has a phase coherence.
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And then x, y components of each individual vectors have equal probability of being in any
direction in the XY plane, I told you. The spins ensemble do not have any phase coherence here.
But x, y component if we take, the vector sum of them will be 0; nuclear magnetic moments in
the XY plane, vector sum if we take, is 0.
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Now what will happen is Z component? the vector sum of the Z component magnetic moment is
not 0, only the x, y component are random in phase. Here they are all rotating in the same

Larmor frequency simultaneously. Although the phases are different here, no problem. You take



the vector addition of all of them, then that is nonzero. There is a component in the Z direction,

given by vector addition, this is called a random phase approximation.

Because of random phase approximation, the x, y components, the vector sum is 0; but not along
Z axis. In the Z axis there is a residual magnetization you can see which comes because of the
orientation along Z axis.
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moments in the xy plane is again zero

What happened if I consider these spins which are in the beta state, they are all rotating in the
direction opposite the magnetic field with a cone opening downwards. Again the x, y component
if you take in the plane, the x, y components, the vector addition of all the components are 0.
But not in the Z direction; here -Z direction because there is some residual magnetization here
and the vector addition is not 0. So, there is some magnetization along Z axis, there is some
magnetization along positive Z axis some along —Z axis.
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Now what did I say? there is a small population difference between the alpha states, beta states;
they generate bulk magnetization. This is called M,; M, is a bulk magnetization. Because it is the
difference between the magnetization, now I am using the term magnetization; the bulk
magnetization which is the Z component, which is a vector addition of all of them along this axis
and along this axis. Because there are more spins in this direction than this one it is nonzero. The

difference between these 2 vectors which turns out to be some value; which is along Z axis.

And it is oriented parallel to the magnetic field, the static magnetic field. This is called bulk
magnetization M,. So, this bulk magnetization can be treated as a tiny bar magnet; it is like a tiny
magnet
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Now the stationary bulk magnet at equilibrium; what happens? If you take at equilibrium; Mx is
0, My is 0, the Z component of the magnetization M refers to magnetization. If we take the
magnitude of M which is nothing but equal to M, and which is equal to M,giprium- SO, it is
stationary. The magnetization, the bulk magnetization at equilibrium is stationary. It is not
changing at all. But as individual nuclear magnetic moments were changing; remember they are

rotating in cone.

Whereas when I consider to the random phase approximation and took bulk magnetization then it
is stationary at equilibrium and it is perfectly aligned along B, and also it is static; is not
changing. Now I will create a non equilibrium state. How do I create non equilibrium state? I
said magnetization is in thermal equilibrium along Z axis and it is stationary. How do I disturb it?
Now what I am going to do is, [ am going to create a non equilibrium situation of this thing by
applying what is called an oscillating field, an oscillating which field?
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Radio frequency field; oscillating RF field if I apply in a direction perpendicular to the bulk
magnetization, because this is M, I am going to apply radio frequency in this direction or in this
direction, in one of these 2 directions. So, if you apply a radio frequency here, the RF pulse, this
thing then I am disturbing this. I am creating a non equilibrium state and disturbing this

equilibrium.

Then the frequency of oscillation rf should be at the precessional frequency. Remember the
external frequency which we are going to apply here should be equal to precessional frequency
of the spins, the Larmor precessional frequency then you can tilt it.
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And then create non equilibrium situation. So, what? What will happen? Now I introduce a term
called the free induction decay and the NMR spectrum. It is a conventional one dimensional
NMR. What I said? by applying a radiofrequency pulse spins undergo transitions and you see the
population difference; or by using the concept of bulk magnetization. What is happening is; you
apply a small radio frequency pulse which is 90 degrees. In the previous course I have already

explained what is that?

Magnetization which is along Z axis is brought to the XY plane. Exactly if you tilt from Z axis to
X axis or Y axis; that is called a 90 degree pulse. Which you can control by using a pulse width
and the power of the pulse. Apply your pulse keep quiet do not do anything. Then you have
disturbed the magnetization. All the nuclear spins are brought back to the XY plane from Z axis

it will come to the XY plane, here.

Then it will not stay there, it will start decaying, it will go back to Z axis. It is now disturbed, but
it wants to go back to equilibrium. So, it wants to go back to equilibrium by inducing EMF.
When I bring to X axis I keep the RF coil here for detection. So, while going back it induces
EMF in this RF coil. I am going to detect that; and that detected signal follows an exponential

path like this, it is an exponential pattern; it decays exponentially.



And this is what I am going to detect as a function of time. This is inducing voltage at the same
time it is decaying, while inducing EMF in the coil, it is decaying freely. That is why it is called
FID; means free induction decay.

(Refer Slide Time: 20:56)

Free Induction Decay {g

NPTEL NS¢

After the 90° pulse, the coherence is created. The signal
is detected as an emf induced in the receiver coil

The spin packets undergo dephasing while going through
complete circular path along XY Plane

This is a damping oscillatory function and is exponential

The growth of signal along Z axis is also an exponential
function. -

So, I applied 90 degree pulse and I created what is called a coherence? What do you mean by
coherence? All the nuclear spins are brought to the XY plane; they are all at a given instant of
time immediately, for a short time, they are all in coherence, that is for a short span of time; and
after some time what will happen? they will start decaying. That is where the EMF is created and

FID is going to be detected.

While they will go back to Z axis, by decaying in the XY plane while doing that, it induces EMF
which is an exponential. We call it as free induction decay. This is a damped oscillatory function
and is exponential. The growth of signal along Z axis is an exponential function. Please
remember one thing I want to tell you here, you see here it is a damping oscillatory function and
growth of signal along Z axis is also exponential. Decay is in the XY plane which is exponential
while decaying, it goes back to Z axis. It is growth along Z axis. That is also exponential. These
are the 2 phenomena which we will discuss later called the relaxation phenomena.
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So, this is what happens pictorially; a free induction decay is represented like this. It comes here
bring your magnetization bulk magnetization which is along Z axis. Normally it is an
equilibrium magnetization create a non equilibrium state by applying radiofrequency along the X
axis the magnetization is brought to Y axis; all the 3 orthogonal to each other. I am sitting here
watching in the Y axis. You apply pulse along the X axis, the magnetization which is the along z
axis is brought to Y axis. And I am observing here; that is my receiver is here. I am seeing the
signal here; instantaneously all the spin vectors are in phase; there is coherence. That is why it is
called coherence. And with time this coherence decay is like this. At the same time, it starts
going back to Z axis; it follows and a spiral path like this; decay is in the XY plane like this and

simultaneously start going along Z axis.

And in the time function if you see that, it a decaying function we detect this signal as a function
of time; this is a FID. This is a pictorial representation of one dimensional NMR. Magnetization
is along Z axis, apply radiofrequency pulse in a direction perpendicular to it, disturb the spins
and then bring it to another axis, Y axis. All the 3 orthogonal to each other. For a given instant of
time there is instantaneous phase coherence; and the phase coherence is distorted. There is a
decoherence and the spins start going back to Z axis while decaying in the XY plane ;and we
collect the free induction decay as a function of time.
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along the transverse/plane.

And of course remember there is no need to apply 90 pulse. For explanation I showed you, I
brought to the X axis or Y axis by applying an 90 degree pulse in a direction perpendicular. You
can apply any angle also; there is no problem. Only thing you should not apply 180 pulse,
because our magnetization is along Z axis and our receiver coil is here. If you apply a 180 pulse
you bring it here, you will not see any signal. It is 0; this that we discussed in the last course.
So, there will be always some component of the vector along the transverse plane you can
resolve into a sin component and cosine component. You will see the signal even though it is not
90 degree pulse.
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Now you got the signal in time domain. But remember our ears cannot distinguish all the
frequencies, it is an interferogram. All the frequencies are present. How to identify the
frequencies present. There is mathematical operation called Fourier transformation; the Fourier
transformation converts the time domain signal into frequency domain. The time domain signal

and frequency domain signal, time and frequency are called Fourier pairs.

So, you can take the signal in time domain, do the Fourier transformation and take into frequency
domain. Do the reverse Fourier transformation bring the frequency domain spectrum to time
domain signal; both are possible. We will talk about Fourier transformation in one of the classes
when we go ahead further.
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When we do the Fourier transformations, this is a time domain signal many frequencies are
present here. We do not know, depending upon your sample of interest. So, how do we convert
this time domain signal into spectrum? Do the Fourier transformation by using this equation. If
have a time domain signal I will integrate it from minus infinity to plus infinity for the frequency

function, it is an exponential function i omega t into d omega and you will get the frequency.

Or you can take a time domain convert to frequency domain; take frequency domain convert to
time domain, both are possible; either way it is possible. And when you do the Fourier
transformation of this free induction decay you get a spectrum like this, this is what the NMR
spectrum is, this is how it looks. All you have to do is if you want to analyze the spectrum, take
the sample put it in a magnetic field, collect the time domain signal by doing by sending some
RF pulse, collect the signal as a function of time, do the Fourier transformation you get an NMR

spectrum like this.

Now your job is to interpret, analyze why these frequencies are her, what is this frequency, what
is the peak corresponding to? Each of them is a characteristic of a particular functional group
present in the molecule. If I say I have a frequency peak here, I know there is a particular
functional group present. If I see a peak is here, I know there is a particular functional group

present. So, this way many of the stalwarts in NMR have already worked out with decades and



decays of research. They have already tabulated possible range of frequencies where we can see
these peaks. We will discuss more when we go to the chemical shift and other things later.
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With this now let me talk more about the NMR spectrum. I will talk something about natural
linewidth. I consider two alpha and beta spin states; they are not well defined. There is a spread
in the energy levels like this. Of course, you all know about Heisenberg uncertainty principle; I
do not have to explain this. According to this deltaE and delta t should be greater than or equal to

h cross. So, observed peak is not a delta function.

And has a natural linewidth due to lifetime of the nuclear spins in the excited state. The shorter
the lifetime; the larger is the spread of the energy levels and broader the signal. When do we say
lifetime is shorter, when the spins are coming back from excited state to the ground state faster;
that is the relaxation is faster. I will talk more about it when we go to additional classes later.

When the spins in the excited state stays only for a short time, it relaxes very fast.

Then what is going to happen there is a more spreading the energy level, here the is spread is
more. As a consequence, you will not get short peak like this; there is the spread like this. You
can get frequency from here to here, here to here, here to here; n number of frequencies will be

present. As a consequence, they are going to get a broader signal, because of the spread in the



energy levels. So, this is a natural linewidth you cannot avoid that because of the uncertainty
principle. Now I am going to introduce a term called selection rule which is very important.
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What is the selection rule for the detection of the signal in NMR? We know the energy state
between alpha and beta; m minus half and plus half. What is the difference in the magnetic
quantum number between these two. m is equal to minus half, m is equal to plus half, difference
if you go from here to here it is 1. If you come from here to here it is -1. Now if you take one
spin, or n number of spins coupled to each other and they are interacting, we will see later and

does not matter.

Each energy state can be given a particular magnetic quantum number m. For example, for spin
of nuclei, for example you can see going from here to here or coming from here to here is going
to a 1 or — 1. Then the change in the spin magnetic quantum number is 1 or — 1; that means delta
m equal to plus or minus 1. They are called allowed transitions in NMR. The selection rule tells
transitions between these two states are allowed. And that means when there is a transition taking
place from alpha to beta; or beta to alpha, there is a change in the spin state. alpha spin goes to
beta state, spin in the beta state comes to alpha state. So, one spin changing in state gives rise to
one transition.
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These are all called single quantum transitions in NMR. We will discuss that later when we go
ahead further. For spin half nuclei how many possible transitions we can think of? If we take
delta m equal to 1 or — 1, only these 2 possibilities. So, for a single isolated spin half nucleus, if
we take, you will get only one peak. For spin 1 nuclei there are 3 possible magnetic quantum
numbers, I told you, from — I to I in steps of 1; then it would be— 1, 0 and 1; three states are there.
Now transition of this to this is allowed transition; from this to this is also allowed.
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For example, if you take 3/2 spin there are 4 energy states -3/2, minus half, plus half, 3/2. You
work out m;; it goes from — I to I in steps of 1. Now these are transitions allowed with this
difference 1 or — 1; this difference is 1 or — 1; and this differences also 1 or -1. So, these are the
allowed transitions.

(Refer Slide Time: 31:13)
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So, if I take a transition is single isolated spin half nucleus you get only one peak; what happens?
If you have more number of spins we will come to that later.
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But remember energy level separation depends upon gamma, I told you, which depends upon the
nuclei of your interest. If I consider 2 nuclei which are interacting, if both are homo nuclear spins
that is identical spins; like spins; the energy separation is different. If there are unlike spins, that
is heteronuclei; the energy separation are different. So, we will see how much is different.
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We can see the energy state for 2 homonuclear spins if we take; homonuclear consider, if [ have
2 spins one can be like this, it can be like this; other spins are like this, one can be like this; now
various possible components you can think of; alpha and beta, alpha and beta for spin 1 and spin
2. Now this can be alpha this can be alpha; this can be alpha, this can be beta; and this can be
beta this can be alpha; or this can be beta this can be beta.

So, there are 4 such possibilities beta beta, beta alpha, alpha beta and alpha alpha. So 4 such
energy states are there corresponding to 4 possible magnetic quantum numbers when 2 homo
nuclear spins are interacting. These are energy states, we will discuss more about this later and
you remember alpha and beta states almost nearly same energy in homonuclear spin system.
Now on the other hand instead of homonuclear if I consider heteronuclear what will happen?
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See here, this is small energy gap between beta beta and alpha beta; similarly beta alpha and this
one there is a small energy gap; whereas between this to this there is a large gap; because this
corresponds to large gamma, this corresponds to small gamma. So this energy state correspond to
dilute spin, a spin with lower gamma. This energy separation corresponds to spin with lower
gamma. This energy state corresponds to spin with higher gamma. These are the energy states for
2 heteronuclear spins. So alpha beta states energy are substantially different here in heteronuclear
spin system; whereas in the homonuclear spin systems you see the energy separation between
alpha beta and beta alpha are nearly same. So, this is the thing which I wanted to tell you. So

with this my time is also getting over.

What I told you today, in this class is, I covered lots of basics of spin physics. We discussed
about the energy states, interaction of the magnetic moment with the magnetic field, we
calculated what is sensitivity factor which are governing; we understood what is the coherence;
we understood what is the saturation when the energy population between the alpha and beta

spins states become equal.

What happens to the Boltzmann population ratio when I go to absolute 0; when the temperature
is lowered; what happens when we go to the temperature infinity; let us say where the energy

states are saturared, we discuss that. And we also understood what happens in the random phase



approximation, we understood what is the bulk magnetization, bulk magnetization because of z
magnification orientation of alpha spin and beta spin together. If we take the difference in the
vector addition there is small magnetization which is along the direction of the magnetization in
thermal equilibrium which is consider as the bulk magnetization. It can be treated like a tiny
magnate, it is thermal equilibrium; it is stationary. whereas individual magnetic moments are
undergoing motion; they will be undergoing precessions; whereas the bulk magnetization is

stationary.

What we thought is, we can disturb this. How do you disturb? by applying a radio frequency
pulse in a direction perpendicular to it; bring the magnetization to X axis or Y axis depending
upon which direction you apply RF pulse; and this will induce EMF in the receiver coil. We
collect signal as a function of time; we understood the time and frequency are related to each
other by a term call Fourier transformation. By doing a mathematic operation we can convert
time domain signal and find out the frequencies present and then we start interpretation. We also
understood the selection rule. The selection rule is NMR is one where delta, the change in
magnetic quantum number between 2 spins states must be either 1 or —1; anything be other then
this 2 or —2 or 0 or anything other than plus or minus 1 are not allowed; there forbidden

transaction. We understood that also.

And we understood also energy gap between homonuclear spin states and the heteronuclear spin
states and we understood what are the possible of spins if we take 2 spins. This is the summary
of today, so this covers more or less the fundamentals of spin physics and the concept of NMR,
which in the previous course I covered this very extensively, for more than 1 or 2 weeks but this

being advanced course lot of other topics I have to cover.

I went little faster, presuming that people already attending previous course. If not at least this
should act as a starting point for you to learn; go back and refer to the previous course. and then
from the next class I will introduce some interaction parameters in NMR and then continue

further with other topics. Thank you.



