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TECHNICAL SPECIFICATIONS

Power Supply

Voltage

Power Consumption
Fuses

Dimensions overall

Oscillator/Detector

Voltage

160 .. .120V or 200 ... .240V J/ 5D/ 60H2
max. 60VA

-~ % B

Height 7= (19cm)
Width 2" (31cm)
Depth 10" (25cm)
Weight 7 kg

< 6V, + 100.. . 150V

Operating Frequency 4...35MHz

Modulation Current

Circuit Operation

125...250mA

The circuit is basically that of a marginal oscillator
and for maximum sensitivity, the oscillator feedback
control must be adjusted to bring the unit to the verge

of oscillation.

Dimensions overall

Field Sweep Coils

Resistance
Number of turns
d

D

NMR-Magnet

Field strength
Pole face diameter
Pole gap

Pole face finish
Yoke finish

Weight

Height e (57cm)

(sample probe including head only)
16" (40cm)

Width 3 ( 8cm)

Depth N (13cm)

Weight 1 kg =

approx. 12 ohm per bobbin
400 per bobbin
3'!

1
4211

approx. 4300 gauss
3”

~B.625"

ground and optically finished
grey-green enamel
approx. 40 1bs



ME THOD OF OPERATION

Before using the spectrometer, a suitable plug must be
attached to the power lead with the order connection as

follows:

green - ground
red - live
black - neutral

A suitable coaxial plug and a lead for the oscilloscope must
then be connected t6 the spectrometer's output coaxial plug.
The next step is to plug the 8-pin connector of the oscillator
section into the spectrometer power supply and the 4-pin plug
into the oscillator section. The arrangement should be as

shown in Fig. 1.

Obtaining an Absorption Signal

Plug the sample coil into the connector at the top of the
oscillator probe. With the glycerol sample cell inserted into
the probe socket the probe then should be positioned close to
the center of the two pole faces. Both the power and modulation
switches should be switched on and a few minutes allowed for
the instrument to warm up. During this period the oscillescope
should be switched on, with the sensitivity set to read about
0.1V/cm and the time base set to lock-in at about one-fifth

of mains supply frequency. Following this, the modulation
potentiometer, H.T. potentiometer and the oscillator feedback

control should be set to thzir maximum settings.

If the customer wishes tc use his own magnet a field homoge-
neity of at least of the order of 1 part in 103 over the

sample probe head volume is required.




From the NMR theory it can be shown that for a magnetic field
strength of 4300 gauss the corresponding resonance for glycerol
occurs at approx. 18MHz. To obtain this frequency the fine tune
control should be set to 90 on the dial for the standard sample
coil provided. The oscillator feedback control should be care-
fully reduced from maximum (fully clockwise) until the oscil-
lation ceases. At this point, approx. 0.4V of noise should be
visible on the oscilloscope. The fine tune control should be
rotated slowly over the range from 85...100 whereupon the ab-
sorption signal should appear. The feedback control can now be
adjusted to optimum.

The frequency of the oscillator can be measured with a wave-
meter. Sufficient coupling for this measurement is provided by
- connecting a wire between the wavemeter and the oscillator

instrument case.




N.M.R. THEORY

The atomic nucleus of an atom possesses a rotary spin which
may be likened to the spin of a child's top. As a result of
this spin the nucleus has angular momentum of value I h/ZT7,
where I is the nuclear spin number which depending on the
nucleus is equal to an integer or half integer, and h is
Planck's constant. It is well known that an electric current
is in fact a moving electric charge and that associated with

a loop of current is a magnetic moment. So in the case of the
nucleus, where the nuclear spin and electric charge constitute
a circulating electric charge. This results in some nucleil
having a magnetic moment whose value is approximately equal to

the nuclear magneton (/3n). Where

= eh
Pa 4ﬁ:mnc (j)

with e the -electronic charge
m, the mass of a proton

c the velocity of light

I
As in the case of the nucleus the electron also possesses

angular momentum and electric charge which gives rise to a
magnetic moment. The value of this is approximately equal to

the Bohr magneton ([36)_where

B ~ree Q

49T m _c
e

with m, the mass of the electron,

equations 1 and 2 combine to give

r(:e = I;lln (3)
n




With the mass of the proton 1836 times greater than that of
the electron it is seen that ﬁe is of the order of 107

greater than ﬂll

Resonance

The magnetic moment p of the nucleus is along the axis of
angular momentum, that is, along the axis about which. the
nucleus spins. When this nucleus is placed in a magnetic

field H, magnetic energy is given to the system of value
E (energy) = -p H cos 6 (4)

where 8 is the angle between the direction of H and p. The
gyromagnetic ratioy is defined as the ratio of the nuclear

magnetic moment u to the nuclear angular momentum P. That is

F-3 (5)

substituting this into equation 4 gives

E=-r i Pt 8 (6)
where P cos © is the component of angular momentum along the
direction of H, which can be written as MI hﬁ
This then gives 5 = .

I= -FE N = (7)
where My is called the nuclear magnetic quantum number.
Differentiating both sides of equation 7 leads to

GE - -3 (M 2e) - pH (8)
Ry e

This equation expresses the change in energy associated with
a change in orientation of the nuclear magnetic moment pn in
the field H.

For the proton dMI = +1, or expressed classically, the proton's

magnetic moment can have just one of two directions. This is




either parallel or antiparallel to the magnetic field H. The

parallel arrangement being the lower energy state, with the

energy difference between the two states given by equation 8

as

h
H 25 ra)

To bring about this energy transition it is necessary to feed

to the system energy of value dE for every transition. Quantum

mechanics gives the relation between this energy and the fre-

quency of a radio wave needed to bring about the transition.

This states that

d E = hv

where v is the frequency of
combine to give

(10)

the radio wave. Equations 9 and 10

b o= ke (11)

Z

18

In the NMR apparatus the probe head contains the resonant

material which for glycerol
head containing glycerol is
the protons line themselves
housed in the probe head is
the protons to a radio wave
the radio wave frequency is

is protons. Thus when the probe
inserted into a magnetic field H,
along the direction of H. Also

the oscillator coil which subjects
at the oscillator frequency. Whepn
such that equation 11 is satisfied,

movement of the protons from the lower to higher energy state

occurs. This results in energy being absorbed from the oscil-

lator circuit which is observed as a change in the operating

condition of the oscillator. To obtain an alternating signal

from the apparatus it is necessary for the resonance condition

P=F %ﬁ to repeatedly occur. This is achieved by superim-

posing on H a small alternating magnetic field Ho sinw t, whose

value should be of the order of a few gauss.
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Determination of gyromagnetic constants

The proton's gyromagnetic ratio is given as 2.675 x 104 radian
soe gauss_1, using this value and the frequency of the oscil-
lator, equation 11 gives the magnetic field as

H = 2.3487.10"% y gauss (12)

where p is in c/s. Alternatively the magnetic field H can be
measured with a flux meter and the proton's gyromagnetic ratio
obtained from equation 11. That is

v = 222 (13)

Having obtained the gyromagnetic ratio y of the proton the mag-
netic moment can be obtained. Equation 5 gives

1 B

- = I 5 (14)

Use as a proton magnetometer -

As there is a linear relationship between the magnetic field
strength and the absorption frequency it is possible to use
the NMR as a magnetometer. The frequency range corresponding

to a magnetic field strength of 1 to 10 K gauss is 4...40MHz.

This would necessitate the use of several different probe heads.
MHz

Using glycerol as the sample the conversion factor is 4'25KE53§§

e.g. 18 MHz corresponds to a field strength of 4300 gauss.
Hence by measuring the absorption frequency it is possible to
calibrate the fine tune control in gauss.
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