Loop-Gap Resonators: EM Material Properties Measured
at Microwave Frequencies
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Loop-Gap Resonator (LGR)

fo
(' is plate area divided by plate separation

L is cross-sectional area of bore divided by bore length
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LGR — Advantage:

The oscillating electric and

magnetic fields are well separated.

Allows one to use the LGR to
separately probe the electric and
magnetic properties of materials.
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Quality Factor, Q

Coupling loop
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Toroidal Loop-Gap Resonator (TLGR)
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Measuring EM Material Properties
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Measuring EM properties: Methanol

Toroidal SRR

TABLE 1
SUMMARY OF FIT RESULTS TO THE DATA IN FIG. 3 (A fo = 400 Hz)

fo = wo/2m (MHz) Qo

1032.52 2024 £ 3

30.978 £ 0.006 1.703 £ 0.006

Magnitude (a.u.)

PHYS 331 — November 18, 2025 Jake Bobowski

WA,
LR
R ()
il
1 0 Se &
. & 9

=
o0

S
o

&
'S

0.2

0.0

| I N T T N J ) |

= 112

1/4

-1/4

125 150 175 200 225 1025 1030
Frequency (MHz)

1035

1040

L/¢



Measuring EM properties: Liquid Nitrogen

Resistance
thermometer
reading
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Measuring EM properties: Liquid Nitrogen
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Measuring EM properties: Air
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Loop-Gap Resonator (LGR)

C = EQ’LUﬁ/t
L = pomry /4
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LGR — Advantage 2:
The LGR 1s “electrically small”. That is, it’s dimensions can be much smaller than A at f,.

Eg: £ =10cm, 75 = 1.75cm,w = 0.8 cm,t = 0.25mm ——> f, =270 MHz, A=1.1m
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Partially-Filled TLGR

cnupling\\ loop : filling hole

dielectric
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TLGR & USPIO Sample Molday ION

Schematic
Representation

TEM

2 mL Molday ION from BioPAL
Fe;0, (magnetite)
Coupling loop nanoparticle suspension

1.5 inches

Core-shell nanoparticle
with 8 nm core and a
carboxydextran shell.

Description

H(C¢H,,0:),OH
Taylor et al., (2014) PLOS ONE 9(6): €100259
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Static Magnetic Field Scan — Al, O,
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