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Prior to the advent of the microwave circulator , the majority of
" electron spin resonance spectrometers er_;r:ployed waveguide hybrid or
"magic” tees as the bridge elevent., They provide re'asonably good
isolation, 40 - 50 dB, over the complete waveguide bandwidth. Coaxial
“hybrid tees which cover the éntire'radio frequency spectrum have beccme
available recentlyl. Isolation of 45 @B is. common and bandwidths to
several octaves can be coverea in single units. | |

These hybrids . prov:.de an extremely sn@le and versatile method
for assembling nuclear magnetic resonance (nmr) spectrometers for
operation aﬁ virtually any frequency. Figure 1 shows the disposition |
of compohents reqtiired to assemble an nmr épectrdmeter around a hybrid.
Radio’ frequency drive is supplied from a signal generator to the hybrid,
v_ and the bridge unbalance is detected by a suitable receiver. The sample -
eoil, L, J.s resonatea by the series mmadon- C1Cy; the ratio is |
adjusted to p}.fov'ide an impedance match to the coax1al cable ‘conne‘cti‘_ng
o the thi:é arxn of the byridge. The second arm of .‘th.e hybrid is either
terminated in jthe_.characteristic resistance of the _hybrid or connected
o a variable impedance load which can provide for finer balancing.
Reactive eleinénts in this am introduce an additional frequency
dependence. | | |

ToO adjﬁst the system the oscn_llator and xecelve. are set to the .

same frequency, the second arm is terminated in 2o, and the capacitor
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Ci is adjusted to minimize the receiver output, thus resonating the
tuned ciicuit to the oscillator frequency. Cy is then adjusted to
further minimize the leakage. The procedure is repeated until no
further reduction in leakage can be achieved. If the isolation of
the hybrid has previously been establis‘r}ed_b\yAtemlinating arms 2 and
3 and noting: the attenuation. introduced betweeﬁ oscillator and receiver,
it sufficies to contimie the balancing until this isolation is achieved.

Comnerc:.ally avallable wideband modulator—mlxer unlts prov1c1e a versa-
phase

© . tile radio frequency/detectorz, -whose performance frequently surpasses

those constructed ad hoc in the laboratory. The phase detector may be - |
-eliminated and absorption oxr dispersion selected by small purposeful |
. unbalancing of the bridge by C2 or C1, respectively.

‘The system offers the advantages of the usual bi:idge arrangement, :

. in that transmitter and receiver are well decoupled so that the sjzstem

noise level is detexrmined largely bv the receiver noise f:Lguxe By com=
parlsonwlth the :.nducuon snectrometer3 which achleves 1solat10n |
_ geonetrlcally ’ ‘J.t suffers from the frequency sensitivity of the br:._dge |
balance? and the 6 dB reduction in signal arising from the division of
both transmitter power and reflected .s.ignal powexr et the hybridv. |
Crystal control of the transmitter is necessary if the max:m:m sensi~ |
tivity is to be achieved. We have observed a s‘ignificant.degredat.:ion-b
in performance traceable directly to 60 Hz frequency moculation of

high cjﬁality signal getletators. The use of coaxial circulators,

which are becom:.ng increasingly available at lower frequeneies, .would‘

restore the signal loss arising from the power divisions in the hybrid,
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The s;'nplici'ty of this spectrometer-'-only the sample resonant
circuit need be constructed-~reccrmends it for nmr measurements over
T a 'wide frequency range » for low temperature eyperirents where it is 4
: deolrable to have onlv a single cable entering the cryostat, and for
situations in which the. ultlm:te in sensitivity is not required. We

tly use th.'LS arranger'ent for fleld-frequency control of a b_xgh
resolutlon nmr spectrometer at 60 miiz and anticipate using it widely
for measuring and nappmg the fields in superconduc_tlng solenoids.,
’.Liqui'd He3 apéears to be the sarple of choice for this purpose, for

' it yields strong nmr signals with very narrow lines.

- *This work was pei‘foﬁred under the vauspices‘ of the U. S. A{:oﬁe' Energy
. Cdmu'.'ssion. | |
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| calif. | |
3. F. Bloch, W. W. Hansen and M.‘Packard Phys. Rev. 69. 127 (1946). .
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this

‘report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-

mation, apparatus, method, or procéss disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent -that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, -any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






