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Introduction

For the investigation of nuclear magnetic resonances in
ordered magnetic materials with zero applied magnetic field it is
necessary to modulate and sweep the frequency of the nuclear magnetic
resonance absorption circuit. The frequency modulation yields spurious
amplitude modulation, and wide frequency sweeps under these circum-t
stances would normally result in a base line shift at the output of
the tuned amplifier stage. Many spectrometers are described in the
literature for the measurements of hyperfine fields in magnetic
materials or for the detection quadrupole resonances /Kushida 1956,
Verdick 1961, Vilson 1964/» To reduce the effects of spurious ampli-
tude modulation the amplifier and phase detector are usually tuned
to the second harmonic of the modulation frequency.

In the NVR spectrometer described here, a Robinson-type
oscillator /Robinson 1959/» chosen for its simple construction and
sensitivity is used. Because of the high operating frequencies
/25-100 MHz/ the first amplifier stage is a tuned anode type circuit.
By synchronously tuning the grid and anode capacitor the anode
inductor automatically tunes to the exact grid resonant frequency
and the level of oscillation is kept constant even during a wide
sweep.

The NWR signal of "Fe detected in first harmonic in iron
and iron-cobalt alloys demonstrates the performance of the equipment.

The circuit

The block diagram of the spectrometer and the circuit
diagram of the oscillator are shown in Figs 1 and 2. Both the tuned
amplifier and the limiter are double triodes in cascade circuit.
Owing to the lower input capacitance and higher input electronic re-
sistance, the cascade circuit is preferable at higher frequencies
to the usual pentode in the Robinson circuit. It is not susceptible



to self-oscillation and the nearly equal capacities of grid and anode
achieve, a synchronous run of the two tuning circuits even for large
sweep amplitudes. The frequency is tuned by & motor-driven rotary
capacitor, or, over a small frequency interval, by a slow sweep ap-
plied to the varicap. The frequency is modulated by means of a second
varicap. If the resonant frequency of the anode circuit is appropriately
chosen, for the absorption circuit the amplitude modulation signal at
the demodulator output will be minimized /Wilson 1964/ so as to keep

the oscillation level constant during the tuning, provided the minimum
condition is automatically reset by the AFC circuit. By means of a second
selective amplifier and phase detector tuned to the modulation frequency,
the bias to the premagnetizing coil of the ferrite cored inductor of
the anode circuit is always so adjusted as to keep the amplitude modula-
tion at a minimum during tuning. The P.I.D. control included in the
automatic frequency control loop ensures a fast and smooth A.F.C.
control caracteristic.. If the frequencies of the two tuned circuit do
not deviate too far from each other, the inductance of the anode is
automatically adjusted by the A.F.C. circuit to the desired frequency.
To facilitate the synchronization, the d.c. circuit of the A.F.C. can
be switched off and the input bias to the premagnetizing amplifier can
be adjusted by the potentiometer for the maximum oscillation level

while the two tuned circuits are being synchronized. The frequency of
the anode resonance circuit for the minimum harmonic component will

be then somewhat higher /Wilson 1964/ but it will be automatically set
if the A.F.C. circuit is switched on.

The signal-to-noise ratio is somewhat better with the d.c.
output signal taken from the Ge diode in the anode circuit than that
which is usually taken from the grid circuit of the limiter.

The rf-amplitude is varied by the D.C. bias of the limiter
anode circuit.

Performance

We have used the absorption circuit to study the hyperfine
field of "Fe in iron and iron-based alloys. To illustrate the sensi-
tivity and the use of the equipment, the NMR signal of -"Fe detected
at first harmonic' in 0,5 g of well annealed natural iron powder of 5N
purity /grain size of particles smaller than 56”u/ is shown in Fig.3-
The modulation frequency is 70 c¢/s, the modulation amplitude 5 kc/s.
The lock-in time constant for the A.F.C. circuit is 100 sec, that for



the detector 30 sec, and the time constants of D and | in the P.I.D.
control are 0,03 and 3 sec, respectively. The line shape is
characteristic of a mixed absorption and dispersion component. The
enhancement factor can be determined by measuring the line shape at
different amplitudes. /Streever 1963./ Using the relaxation times
as measured by spin-echo measurements /Cowan 1964/, we get = 7000.

At higher modulation frequencies and 90° detection with
respet to the modulation signal an excellent signal-to-noise ratio
and a flat base line over large frequency range can be obtained.
Though all the details of the adiabatic fast passage /Cowan 1964/
couldn’t be followed, and the line width of iron was slightly dependent
on the modulation amplitude, the improved signal-to-noise ratio makes
it possible to detect weak satellites beside the central resonance
due to certain neighbours of the impurities in the iron matrix. Pig.
4. shows the hyperfine field distribution measured in Fe-0,72 at% Co
alloy at room temperature. The satellites observed on the high
frequency side of the central resonance correspond to the second,
third and fourth neighbours of the Co impurities /Griner 1971/»

The sample coil is kept in a probe at temperatures variable
by gas stream temperature controller /Balia 1968/, and has been used
to measure the temperature dependence of the hyperfine field in the
-190...+15CIC range in iron an iron-based alloys.
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glSa-1
NVR Spectrometer for the measurement of internal magnetic fields
with operating frequencies from 25 Mt to 100 Mt



gig.». 2
The circuit of the oscillator for magnetic field measurement
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i | &b-2
NVMR Signal of ~Fe in natural iron at low rf amplitude



gig. 4
MR signal of in Fe-0.72 at% Co alloy






ABSTRACT

A Robinson-type oscillator with an automatic frequency
control circuit, suitable for the measurement of internal magnetic .
fields, is described. An AFC circuit ensures that the tuning of the
tank circuit is such that the first harmonic of the modulation
frequency is kept at a minimum in the detector output while the NWR
signal is detected at the first harmonic. Cascade amplifier stages
permit operation at higher frequencies with a better signal-to-noise
ratio and larger sweep amplitudes than with other types of amplifiers.

rn The use of the equipment is demonstrated by measuring the
AFe NWR signal in iron and iron-cobalt alloys.

PE3IOVE

B pa6oTe onucbiBaeTCA OCUMNNATOP Tuna PobuHCcOHA ¢ aBTOMAaTUYeCKOM
OXeMOl ynpaBfieHUs 4acToTbl, paspaboTaHHbIA AN U3MEPEHUSs BHYTPEHHUX MarHuT-
HbIX nonelr. YacToTHas MoOAyNSAUMA CONPOBOXAAETCA aMMIUTYAHOM MOAYNSAUMENR, HU3-
KUA ypoBeHb 3TOro agdekTa obecrneymBaeTCss CXeMoW afc , MPUYEM CUTHA
n3MepsaeTcs Ha nepBon rapmMoHuke. CTyneHM KacKafHOro ycunuTens Mo3BONAT [feii-
CTBME oOcuMINATOpa M Ha 60/ee BbICOKMX 4acToTax C JyylMM OTHOLLEHVWEM CUTHana
K LWWyMy, a Takke C 60/blUuMMM aMnAnTygaMmn pasBepTKW, YeM ApYyrue Tunbl OCUUNNSA-
TOpoB. B Kaydec™He npumepa [eWCTBUA OCUUNISATOPA OMNUCLIBAETCA W3MEPEHUE CUT-
Hana AWP agep Fe B enese n cnnaBax Xefesa-kobanbTa.

KITONAT

A cikk bels6 magneses tér mérésére alkalmas automatikus frekveit—
ciaszabalyozasu Robinson-oszcillatort ismertet. A frekvenciamodulacié ko-
vetkeztében fellépd amplitidomodulaciés szintet AFC &ramkoér tartja ala-*
csony szinten, ezért az NVR Jeltartalom els6 harmonikusa detektalhatd. A
kaszkad erdsit6fokozatok kovetkeztében az oszcillator &atfoghatd frekven-
ciatartoméanya nagy, jel/zaj viszonya Jobb, a frekvenciamodulécié mértéke
nagyobb, mint a sZokasos megoldasdoknal,

i c7_ A Berendezés tulajdonsagait vas és vas-kobalt 6tvozetben detek-
tdlt 5/Fe NVR Jel demonstralja.
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