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AN OUTLINE FOR ACTIVITY IN UNIVERSITY SCIENCE INSTRUMENTATION CENTER, NORTH EASTERN HILL UNIVERSITY, SHILLONG

An NMR oscillator detector is essentially a marginal oscillator tuned to the resonance frequency of the nuclei which for proton is calculable on the basis of the equation:

νRes (in KHz) = 4. 25 (in units of KHz per Gauss) x HRes (in Gauss)

Thus in a Magnetic field ( H )of about 2KG to 8KG the resonance frequency would be from 8-32MHz. In fact there several circuits available in the literature for Marginal Ocillators for this frequency range. What this would require in addition is a field-modulation for resonance display in an oscilloscope. The field values are thus in the KG ranges for proton NMR frequency in MHz 

However, the Magnetic Resonance technique is not only for the nuclei but the electron analogue is governed by an equation similar to the one above except that the multiplication factor is 2.8 MHz per Gauss instead of 4.18 KHz per Gauss.

Thus with the oscillator frequency ranges of 8-32 MHz, Electron Spin Resonance to be detected would require  external magnetic field of 3G-12G

In the M.Sc., Laboratory in the physics department a demonstration Magnetic Resonance Unit is used for experiments by students. This unit is for students to routinely use for ESR measurements of fields and display signals on the oscilloscope. This is a demonstration Unit.

It should be possible to take up a project mainly to find out the available PCB makers for RF circuits, try to provide a NMR/ESR oscillator/detector circuit and get the PCB made on a commerical basis. Procure these PCBs convenient for getting components for which an exercise must be gone through to know data books, select components, find out agents for supplying these components, purchase and finally assemble them into a working unit. As for a Magnet part is concerned, experiments Helmhotz current carrying coils would be adequate for ESR detections in the above frequency ranges of 8-32 MHz.

With this project a lot can be learnt about the principles of Magnetic Resonance detection by Continuous Wave technique. If this viability is known, then similar effort at 360MHz can be tried out for which the ESR would require 128 G magnetic field strength.  

The part of handling the sample, depends on the quality factors of rf coils in the tunable tank circuits and calculating sample filling factors for a given coil geometry. A lot of experience would be gained by handling LCR Resonance circuits.

These approaches of knowing the mechanism of how Magnetic Resonance (MR) results in detectable RF electrical signals would go a long way in applying these principles for the detection of MR signals by Pulsed techniques.

In the pulsed version, the principles of induction of electric signals by changing magnetic flux can be readily applied to explain the observed MR signal wave forms. Then these Wave forms which occur in MR experiments can be expressed in terms of mathematical functions. By using combination of wave forms from a Function Generator and appropraitely shaping them electronically, it would be possible to simulate the MR signals which are obtained from spectrometers.

Once this simulated signal used as the Hardware output from the spectrometer, the this simulated signal can be applied to the computer ports for whatever data processing is required on MR signals to process it for a spectrum.

This mathematical function which describes the Free Induction Signals (numerical data in table below) in the NMR spectrometers is merely a product of the three functions as plotted in Fig.1

	Time at equal. intervals
	Step Fn.
	COS Fn.
	EXP Fn.
	PRODUCT

	0
	0
	1
	1
	0

	1
	0
	0.849608
	0.935507
	0

	2
	0
	0.443666
	0.875173
	0

	3
	0
	-0.09572
	0.818731
	0

	4
	0
	-0.60632
	0.765928
	0

	5
	0
	-0.93455
	0.716531
	0

	6
	0
	-0.98167
	0.67032
	0

	7
	0
	-0.73353
	0.627089
	0

	8
	0
	-0.26475
	0.586646
	0

	9
	1
	0.283662
	0.548812
	0.155677

	10
	1
	0.746753
	0.513417
	0.383396

	11
	1
	0.985232
	0.480305
	0.473212

	12
	1
	0.927368
	0.449329
	0.416693

	13
	1
	0.590565
	0.42035
	0.248244

	14
	1
	0.07613
	0.393241
	0.029937

	15
	1
	-0.4612
	0.367879
	-0.16967

	16
	1
	-0.85982
	0.344154
	-0.29591

	17
	1
	-0.99981
	0.321958
	-0.3219

	18
	1
	-0.83907
	0.301194
	-0.25272

	19
	1
	-0.42596
	0.281769
	-0.12002

	20
	1
	0.11528
	0.263597
	0.030387

	21
	1
	0.621842
	0.246597
	0.153344

	22
	1
	0.941363
	0.230693
	0.217166

	23
	1
	0.977737
	0.215815
	0.21101

	24
	1
	0.720022
	0.201897
	0.14537

	25
	1
	0.245735
	0.188876
	0.046413

	26
	1
	-0.30246
	0.176694
	-0.05344

	27
	1
	-0.75969
	0.165299
	-0.12558

	28
	1
	-0.98841
	0.154638
	-0.15285

	29
	1
	-0.91983
	0.144665
	-0.13307

	30
	1
	-0.57458
	0.135335
	-0.07776

	31
	1
	-0.05651
	0.126607
	-0.00715
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                                                           Fig.1

An RC circuit with appropriate time constant, and a Function Generator output Cosine function can be given to an adder/multiplier input and with a trigger synchronization the output of adder can yield the desired F.I.D signal as in fig.1                                                





Function Generator

                                                      Fig.2

Instrumentation for Spectroscopy has ample exercises to learn computer applications and source language programming. An exercise of this type can shape the students to be versatile in the signal detection and signal data processing, in the basics of electronics and communication. http://www.angelfire.com/art3/saravamudhan/seminar_usic.html 

Besides the fact the Magnetic Resonance Spectroscopic technique itself is rich with instances for such exercises, these techniques undergo changes depending on the specific requirements of each of the several spectroscopic branches. And, in a University a more broad based scheme can be developed to supplement the requirements of students in basic sciences and should be supplying viable models be exhibited in Science Centers. The scheme can be envisaged as follows:

1. Electronic and computer applications for simulating spectrometer electrical signal output functional forms.

2. Processing techniques (Digital Signal Processing) in Spectroscopy, modular approach for student exercises.

These techniques include, Hardwired FT processors and FT processing soft wares and digital filtering, shaping the outputs.

http://www.geocities.com/saravamudhan1944/ugc_inno_proposal.html 

The recent trends in NMR spectroscopic instrumentation had been to develop low field spectrometers where the sensitivity considerations are critical. There have specially designed magnets and Magnetic Resoanance probes which appear to be challenging exercises at principles of operation and these developments can have much wider general purpose applications and from these appropriate exercises and projects can be generated at the universities to bridge the gap between theoretical understanding practical realizations. What appears to be severely lacking in the curriculum is: to supplement and reinforce the appreciation of the utility of instrumentation and not simply the maximum use of instruments.
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