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GLOSSARY 

Here is a short glossary of words that you will come across during the 
Workshop. It is not complete in any sense. It is simply meant to be used as 
quick reference to the basic definitions of the unfamiliar (or forgotten) 
terms. - S. R. Amtey 

ANALOG COMPUTER - A computer that operates on data represented in the form of 
continuously variable physical quantities (e.g. Voltage or angular 
position) by performing physical processes on the data. Contrast with 
digital computer. 

ANGULAR MOMENTUM~ ('quantity of motion'). Of a particle of mass m, moving 
with a velocity v, the angular momentum relative to a point 0, is the 
vector product of the position vector v of the particle relative to 0 

+· and the linear momentum mv. For atomic and nuclear particles, this is 
quantized. 

BLOCH EQUATIONS - Nuclear Magnetic resonance is hydrogenous materials such as 
water was first observed in 1946 independently by Professor Bloch at 
Stanford and Professor Purcell at Harvard. Bloch proposed phenomenological 
eq~ations of motion for the macroscopic magnetization. 

BOHR MAGNETON - The unit of atomic magnetic moment, denoted by B or µS. It is 
equal to eh/4mnc, where e is electronic charge, his Planck's constant, 
mis the electron rest mass andc is the speed of light. It is the moment of 
a single electron spin and its value is 0.927 x 10-20 erg/gauss. 

BOLTZMANN DISTRIBUTION - Population distribution of a system of particles 
where they are at thermal equilibrium. The number of particles in Energy 
level Eat absolute temperature TDK is proportional to e-ElkT, where e is 

. . 
the base of Napierian logarithms and k is Boltzmann constant. 

CHEMICAL SHIFT - Specifies the position of an NMR line relative to a standard 
reference. The frequency of nuclei in different chemical surroundings 
depends o~ the details of the surroundings. For example, the resonance 
frequency of protons in ethyl alcohol, CH3CH20H, are divided into three 
groups, corresponding to the protons in CH3, in CH2 and in OH. 

CHEMISTRY - The study of the chemical properties of elements and compounds, and 
of the causes, courses and consequences of the reactions in which they 
take part. 

DIAMAGNETISM - The property shown by many substances, when they are subjected 
{ to a magnetizing force, of becoming magnetized in such a di rec ti on as to 

oppose that force, i.e., exhibiting a negative susceptibility.· See 
also: Ferromagnetism. Paramagnetism. 
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arithmatic and logical operations on the data.· Contrast with analog 
computer. 

DIPOLAR INTERACTION - Magnetic interaction between two magnetic moments by 
_, virtue of the effect of the magnetic field of one on the other. ~-·~-· 

• 

:• ,. 

ELECTRON SPIN-LATTICE RELAXATION TIME. (T1) - A measure of the time taken 
for the spin population to return to its equilibrium value through inter
action with fluctuating internal electric fields which surround it 
('the lattice'). The different relaxation ratesof individual nuclei 
may make it possible to estimate that one particular nucleus or group is 
undergoing slow~r motions (i.e., more rigid) than another. 

ELECTRON SPIN-SPIN RELAXATION TIME (T2) - A measure of the time to lose phase 
coherence i.e., return to equilibrium through interaction with neighboring 
spins. It is inversely related to the line-widths of the resonance and 
its origin is similar to the 'uncertainty broadening' observed in other 
forms of spectroscopy. 
In the NMR experiment, to induce transmissions of the nuclei between their 
energy levels it is necessary to apply a. small magnetic field B, perpendicular 
to the main magnetic field (along which the Z-axis of the coordinate system 
is chosen) e.g., along the x-axis. This field must rotate in th~ same 
sense and at the same frequency as the nuclear precession. The effect 
of this field on the spin system is such that the resultant magnetization, 
which was along the direction of the main magnetic field, i.e., along 
Z-axis, rotates away from the Z-axis in the Zy-plane through an angle 
9, which is proportional to the field Band time t for which Bis 
applied. After an appropriate-time, the nuclear magnetization will have 
rrecessed through 180° so that the magnetization is now along -Z axis. 

· If Bis now turned off, the spin system will return to thermal equilibrium. 
Thus, the spin-lattice relaxation rate is the relaxation rate along the 
Z-axis and for this reason it is sometimes called the longitudinal 
rel axa ti on rate. 
If the angle G= 90°, the nuclear magnetization will be turned along the 
y-axis. If the stimulating small field B, is then turned off, the 
nuclear magnetization will now precess around the Z-axis in the x-y plane. 
It is this rotating magnetization in the x-y plane that the NMR spectrometer 
detects. However, the magnetization in the x-y plane is clearly not 
the equilibrium situation and it will, therefore, decay back to equilibrium 
situation (which is with the magnetization along the Z-axis). Classically, 
this decay is considered to be exponential with a characteristic time 
constant T2 known as the transverse relaxation time (or spin-spin relaxation 
time). 

' 
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GAUSSIAN LINESHAPE - Shape of a spectral line whose height as a function of 
frequency u is given by 

I ( u) = I exp [-b2
(u -u)

2
] max o 

where u is the frequency of the line center and the linewidth is 0 1 

~u = 2 (ln2)'2/b. 

GYROMAGNETIC RATIO - In an atomic or nuclear system: the ratio of the magnetic I 

moment to the angular momentum. 
HERTZ - Frequency of 1 cycle per second (Hz) 

l MHz =. 106 Hz. 
1 GHz = 109 Hz. 

ISOTROPIC - A property which is the same, independent of direction. 
ISOTROPIC MOTION - Implies random tumbling of a molecule about each of its 

three axes. 
ISOTROPIC SPECTRUM - NMR spectrum in which the overall molecular tumblings is 

so rapid that all anisotropyi.n the spectrum is averaged out. Usually 
the case for small molecules in liquids. 

K ~ Usually kilo (one thousand). 
In computer jargon, K represents 1024,(210) which is the nearest power 
of 2 to one thousand. 

LARMOR PRECESSION - The precessional motion of the orbit of a charged particle 
which is subjected to a magnetic field. The precession occurs about the 
direction of the field. For an electron revolving about a nucleus the 
angular velocity of the Larmor precession is given by eH/2mc, where 
e is the charge, mis the mass, c the speed of light and H the magnetic 
field strength. 

LINEWIDTH - The width of a spectral line, normally defined as the distance 
(in Hz or gauss) between the two points of half-maximum height. 

LORENTZIAN LINESHAPE - Shape of a spectral line whose height as a function of 
frequency u is given by 

I (t>) = Ima/ [l+a
2

(u 0-u)
2

] 

where u
0 

is the frequency of the line center and the linewidth is 

~u = 2/a. Commonly the case for magnetic resonance lineshapes in liquids. 
MAGNET - Any body which has the power of attracting iron. 

:&,_ MAGNETIC FIELD - The region in the neighborhood of a magnetized body in which 
magnetic forces can be detected. Also used interchangeably to refer to 
magnetic induction or magnetic intensity. -
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ENERGY LEVEL - The stable energy states which an atom or molecule can take up. 
In general the lower, ground state, energy levels are occupied and the 
higher, excited state, energy levels are not. Quantum mechanical rules 
permit only a certain discrete set of energy levels for the atom or 
molecule and govern the_ transitions from the one level to another. If the 
atom (or molecule) drops from an excited level of energy E to a lower 
level of energy E' ,the difference, E-E', is .emitted as radiation of 
frequency u, where u = (E-E')/h, h being Planck's constant. 

FERROMAGNETISM - The phenomenon whereby certain materials exhibit a high degree 
of magnetism in weak fields and posses a very high penneability. Ferro
magnetic materials exhibit spontaneous magnetization, residual magnetism, 
and are subject to hysteresis. Their behavior is markedly dependent on 
whether the temperature is above or below that of Curie point. See 
also Diamagnetism. Paramagnetism. 

FILTER(ELECTRONIC) - Electronic device which lets through only certain frequencies. 
FIRST DERIVATIVE - The instantaneous rate of change of a function with respect 

to the variable. Two special interpretations: 
1) As the slope of a curve. 
2) As the speed of a moving particle. 

FOURIER TRANSFORM - A ·function f(t), can usually be expressed as a Fourier 
series, i.e., an infinite series of sines and cosines: 

00 -~ 

f(t) = E A: Cos (mr/T)t + I B Sin (nt/T)t .. 
n=o n . n:o n 

This expansion is valid only over the region -T ~ t ~ T. When we carry 
out the mathematical operations of Fourier analysis, we customarily deal, 
not with Fourier series, but with related integrals that can cope with 
functions in which the variable tis not restricted to the range 
-T $ t $ T, but can go to 'infinity. Then,the Fourier transform of f(t} 
is defined as follows: 

<XJ 

F(w) = J f(t) exp - iwt dt 
..00 

where w is an angular frequency (f.J = 2 m,) and i .. v-'f. 

00 

Also, f(t) = (1/2TT) f F(w) exp iw·t dw 
~ 

GAUSS (G) - Unit of magnetic field strength (strictly of magnetic induction, 
' 3 

though, the two are numerically equivalent in air). l kG = 10 G and l tesla = 

104 G, 
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MAGNETIC FLUX - Through a closed figure (e.g., a circular or rectangular loop): 
the product of the area of the figure and the average component of 
magnetic induction normal to the area, i.e., the surface integral of 
the magnetic induction normal to the surface. The SI unit is the Weber (Wb) 
and the CGS unit, the Maxwe 11 , is equal to 10-8 Wb. 

MAGNETIC FLUX DENSITY: MAGNETIC INDUCTION - May be defined as the magnetic 
flux per unit area at right angles to the flux, or as the product of the 
magnetic intensity and permeability. The SI unit is the tesla (equal to 
1 Hb/,m2 ) and the CGS unit; the gauss i.e., 1 maxwell/cm2, equal to 

-4 . 
10 tesla. 

MAGNETIC INTENS'ITY: MAGNETIC FIELD SRENGTH - At a point in a magnetic field: 
the magnitude of the force experienced by a unit pole situated at that 
point. The CGS unit, corresponding to a force of 1 dyne, is the Oers~d. 
The SI unit corresponding to a force of 1 Newton~ is the .ampere (A) per meter (m) 
1 oersted being equal to 79.6 A/m. 

MAGNETIC MOMENT - 1) of a magnet. The torque exerted on the magnet in a 
magnetic field of unit strength, when the axis of the magnet is at right 
angle to the field, 2) of a flat coil of wire carrying a current: the 
torque exerted on the coil by a magnetic field of unit flux density, when 
the plane of the coil is parallel to the direction of the field . 

MAGNETIC MOMENT, ATOMIC - The magnetic moment arising from the magnetic 
moment of the nucleus, and the (relatively large} magnetic moment of the 
electrons. 

MAGNETIC MOMENT, ELECTRON - The magnetic moment associated with the electron 
spin on the one hand and orbital motion on the other. The moment of 
a single electron spin is one Borh magneton. 

MAGNETIC MOMENT, NUCLEAR - T~e magnetic moment associated with nuclear spin. 
Nuclei with zero spin have zero magnetic moment, other nuclei have 
magnetic moments between about -2 and +6 nuclear magnetons. 

MAGNETIC POLE - A convenient fiction for describing certain magnetic phenomena. 
It denotes the points of a magnet from which the magnetic field appears 
to diverge or towards which it appears to converge. The pole strength 
of a magnet is the magnet moment divided by the distance between the poles. 

MAGNETIC RESONANCE - The absorption of microwaves or radiowaves by atoms 
or nuclei respectively in the presence of a static magnetic field. 

• J 

MAGNETIC SUSCEPTIBILITY - A measure of the intensity of magnetization produced 
in a substance by an applied magnetic field. Paramagnetic substances 
have positive susceptibilities; diamagnetic substances have negative 

· susceptibilities. 
MAGNETOMETER - Device for measuring magnetic field strength. 
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MICROWAVES - Electromagnetic radiation with frequencies of the order of 
1010 Hz= 10 GHz(~ 3 cm wavelength). 

NUCLEAR MAGNETON - The unit of nuclear magnetic moment, given by eh/4mnc; 
where e the electronic charge, his Planck's constant, m the rest mass of 

· -24 · a proton, and c is the speed of light. Its value is 5.05xl0 erg/ gauss 
i.e., about 1/1840 that of the Bohr magneton. 

NUCLEAR MAGNETIC RESONANCE (NMR) - The resonant absorption of electromagnetic 
energy by a system of atomic nuclei situated in a magnetic field. It is 
a branch of radiofrequenty spectroscopy. The frequency of the magnetic 
resonance coincides with the frequency of the Larmer precession of the nuc 1 ei 
in the magnetic field and is proportional to the strength of the field. 
Typical values of this frequency lie in the range 1 - 100 MHz. The 
phenomena is confied to nuclei having a magnetic moment (i.e., with non
zero spin) and the resonances of such nuclei may be detected as they occur 
in ordinary bulk matte~ NMR may be used for the measurement of nuclear 
magnetic moments, for the precise measurement of magnetic fields and for 

I . 

obtaining information regarding the_envoirnment of nuclei in molecues, 
liquids and solids, and in chemical analysis. 

ORBITAL MAGNETIC MOMENT - Magnetic moment of an electron which is associated 
with its orbiting motion around~ nucleus (or nuclei) in an atom or 
molecule. This magnetic moment is in addition to the spin magnetic 
moment. 

PARAMAGNETISM - The property shown by many substances of becoming magnetized 
in the direction of the applied field, but not retaining this directional 
magnetization when the field is removed. Such a substance may be regarded 
as an assembly of magnetic dipoles which are normally directed at random. 
It has a positive magnetic susceptibility and is said to be paramagnetic. 
All ferromagnetic and antiferromagnetic materials become paramagnetic at 
temperatures above the Curie point or Ne'el point respectively. 

PHASE - If the peaks of the signal wave directly coincide (in position in time) 
with those of the reference, then the two are exactly in phase. If the 
peaks of one coincide with the troughs of the other, then the signals are 
exactly out of phase. 

PIXEL - The smallest element of the matrix used to display a digital image; 
contraction of the words "picture element". 

PROBE - The part of an NMR spectrometer which contains the sample and radio
frequency coils. 

QUANT~M - Discrete energy packet. Electromagnetic radiation of frequency u 
does not have contineuously variable energy, but is made of packets of 
energy hu where his Planck's constant. 
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QUANTUM MACHANICS - The set of physical laws which predict that the properties 

of a system, e.g., magnetic moment, energy, cannot have a continuous set 

of values but must have a set of discrete, discontinuous values. 

RADIOFREQUENCY (RF) - Frequencies in the range, approximately 100 KHz to 

500 MHz, appropriate to radio transmissions. 

RECONSTRUCTION - A process which creates an image from the data collected 

during a scan of the object. 

RELAXATION - Process by which an atom or molecule in an excited state falls 

back into its ground state; 

SHIM COILS - Flat coils used to produce small field gradients of an NMR 

magnet to cancel out field.inhomogeneities. 

SIGNAL AVERAGING - Improvement of si gna 1-to-noi se ratio of a spectrum by 

adding up repeated scans through the spectrum. The noise tends to 

average out whereas the spectral lines reinforce. 

SIGNAL-TO-NOISE RATIO - In general, the ratio of the value of the signal to· 

that of the noise. Notes: A) This ratio is usually in terms of peak 

values in the case of impulse noise and in terms of the root-mean-square 

va 1 ues in the case of random noise. B) Where there is a possibility of 

ambiguity, suitable definitions of the signal and noise should be 

associated with the tenn; as, for example: peak-signal to peak-noise 

ratio; root-mean-square signal to root-mean-square noise ratio; peak-to-peak 

signal to peak-to-peak noise ratio, etc. C) This ratio can be expressed 

in decibels. 

SPIN - An intrinsic property of an electron or nucleus which detennines its 

magnetic moment. The spin is quantized and may have the value zero 

(in which case no magnetic moment), or whole or half-integral numbers. 

The spin of an electron or of a proton is½; 

TIME CONSTANT - Characteristic response time of a system. The longer the time 

constant, the longer it takes for the system to respond. (The response 

is usually exponential in time). 

TUNING - Bringing the radiation frequency to match the natural 'resonance' 

frequency of a particular electronic component, e.g., NMR coil. 
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