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Basic Equations

Time % Frequency /\/M
Ob

Faraday’s VXxe=—— VXE=—-—wB
Law ot
Ampere’s Vxh:j+a—d VxH=J+wD
Law ot
No Magnetic V- -b=J0 V-B=0
Monopoles

o j=oe J=0cE
Constitutive
Relationships b = Mh B = ,uH

(non-dispersive)

d = ce D =cE

* Solve with sources and boundary conditions



Basic Equations: Wave Equation

First order equations
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Material
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Physical properties v =

‘ £, ‘ Vavg (mins) | o (ms/m) ‘ Penetration Depth (m)

1 3 0 o0

80 0.033 0.5 285

80 0.01 3000 <0.1

3-4 0.16 0.01 3000

3-95 0.15 0.01 3200

20 - 30 0.06 0.1-1 145

4-8 0.12 0.5-2 30

5-15 0.09 1-100 1

5-30 0.07 1-100 1.3

5-40 0.06 2-1000 0.2

4-6 0.13 0.01-1 65

3-4 0.13 0.01-1 55



Skin Depth (m)

Attenuation: Skin Depth
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Waves and Rays v =

VE
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Radargrams
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GPR systems
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Case History: Furggwanghorn

Merz et al, 2015



Downslope movement shown to increase from 1.5 m/yr to 4.0 m/yr.

Setup

Aim: characterize rock units and evolution of glacier

Surface GPR: unsuccessful (too close to scatterers)

Helicopter GPR used

rock glacier

talus
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Properties v =
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Survey

» Initial Ground-Based Survey * Hel-GPR
— 2 systems — Frequency: 60 MHz
— Frequencies: 25 MHz and 50 MHz — Flight height: 15-20 m

— Line separation ~15m

Ground-GPR Heli-GPR

S
e

P D
e

Survey lines

o

Rock Glacier Outline

Helicopter GPR Profiles

Boreholes

20



Data and Processing
Ground-GPR c Heli-GPR
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depth [m]

Elevation

Synthesis

Final Structural and Kinematic Model
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Interpreted with thin-
skinned tectonic
model

Major shear zone acts
as a décollment

Rock glacier lobes act
as nappes

Lobes appear to
move down-slope

Tectonic model

applicable to other
glaciers
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depth [m]
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End of GPR

Next up
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Fundamentals  Sources ‘ Sources Sources Polarization Future

Lunch: Play with apps
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