
Chapter 7

Microwaves

7.1 introduction

Electromagnetic radiation travels at a constant speed in vacuum = 3 x lOS
m/s.

>',m
1
10-1 to 10-3

10-4 to 10-5

10-6

10-7 to 10-S

10-8 to 10-13

10-14

Radiation
radio waves
microwave
infrared
visible light
ultraviolet
x-ray and gamma radiation
cosmic rays

Microwaves (unlike light) can penetrate matter (almost all non- metallic
materials) and are reflected (scattered) from internal. boundaries.

• no mechanical. contact, unlike ultrasonics.

• speed is 5 orders of magnitude larger than ultrasonics.

- cannot detect time of arrival as in ultrasonics.

- need to employ continuous wave or frequency modulated signal.
(no pulse mode).

- rapid inspection is possible.

• skin depth in metal. is a few mm, totally reflected on surface of metal..

• can rea.diJ.y penetrate many non-metals, plastics, ceramics, etc.
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• physical phenomena.: based on electromagnetic theory (not covered
here ill detail)

Source: microwa.ve genera.tor.

Modification: iIltera.ction with a.toms a.nd molecules (a.ttenua.tion a.nd ther­
mal effects).

Detector: microwa.ve receiver (a.ntenna., tra.nsducer).

Indication: (contilluous) wa.ve amplitude, phase shift, frequency of tra.ns­
mitted or reflected signal.

Interpretation: will discuss through examples.

7.1.1 Thickness of Metal Plates

• Metal completely re1lects microwa.ves.

• Both sides of metal pla.te must be illuminated.

• Amplitude dependence is not generally very strong, except if the pla.te
is nea.r the nea.r field of the a.ntennl. (illterference of wa.ves). Then,
the amplitude becomes & function of the dista.nce between pla.te a.nd
source.

• See acheml.tic of syatem based on amplitude (d1 +d2 +t =COll8ta.nt).

• Ca.n detect up to 25 lim.

• Met&1 composition or surfa.ce condition does not aft'ect the results.

1.2 Phase Measurements

• See schema.tic of Interferometer system.

• Output:

(7.1)

• Ph&se Shifter iIltroduces a. phase shift of 90·; so tha.t if 4JA leads 4JB
by 90" &Ild k lags t/>B by 900, the output of differential amplifier is
zero.
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• If thickness changes (4)A - 4>8 +4>c - 4>8)/2 will no longer be zero.

• The output voltage 0( distance.

• Note: there is sensitivity to both amplitude and phase shift. There
are also more a.dvanced systems.

7.3 Surface Cracks in Metals

Monitor refection from surface.

• Since skin depth is very small, a few pm, a crack must break through
the surface of the metal.

• ~ crack opening increases, energy storage within the crack begins to
domina.te the crack response as frequency increases (very sensitive to
crack opening).

• If frequency is very high, wave can propaga.te within crack and the
crack response becomes very sensitive to crack depth.

7.4 Dielectric Plates

Non Metals: Thickness, composition, fla.ws.

Attenuation

1. interaction with free electrons (composition).

2. interaction with molecula.r dipoles (composition).

3. ICI.ttering from material discontinuity (fla.ws).

4. beam sprea.ding.

7.4.1 Reflection

See diagram. CritiCClI Angk: wa.ve is completely tra.pped inside; see dia.­
gram.

• Standing wa.ve is a wave tra.pped inside.

• There is always a. standing wave, except for the Brewstel angle, if
microwave is emitted from high E to low E.
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• Position of defect if within the min or max of a standing wave (which
depend on frequency) will cause reflection which is related to frequency

EO

9,

d

disturbance.

(7.3)

(7.2)
2jRsin4>

P = exp(j</» _ R2 exp(_ jtp)

1-R2

r = exp(j4» - R2 exp(-;4»

where p and r are respectively, the reflection and attenuation coefIicients.

(7.4)

(7.6)

(7.7)

(7.5)

R = Reflection Ratio = (Z - 1)/(Z +1)

Z = intrinsic impedance of plate

VE/Eo - sin2 9,
Z = (E/Eo)ros9, for / / pola.rization

. ros9·
Z == I for 1. pola.rization

VE/Eo - sin2 9,
4> = electrical thickness of plate

4> = kdV(E/EO - sin2 9,)

where k = 2lr/ >.. See graph for p and r vs. 4>:

• p is more sens!tive to changes in </> than r.

• At </> = lr/2 or multiples of lr/2, the slope is zero (poor sensitivity).

• Amplitude is most sensitive to changes in electrical thickness when 4>
is multiples of lr (largest slope).
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7.5 Flaws

7.5.1 Voids

• Discontinuity of sca.ttered ra.dia.tion (reduced intensity).

• Amount of sca.ttering increases with E a.nd frequency.

• Size of fla.w ~ Ai small void requires high frequency.
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7.5.2 Delamjnation

• This is essentially a packed-shaped void filled with air (delamina.tion
between two adhesively bonded dielectric materials).

• R < 0.3, p = 2; exp(-;t/»Rsint/>.

• If thickness « A, i.e. t/>« 1, p oc t/>.

7.5.3 Porosity

La.rge number of small YOids distributed in some regions of materialsi E

ca.uses~ in t/>i lame teclmiques u in delamination.

7.5.4 Inclusions

Energy eca.ttered by inclUlions.

• A >> radiul of inclUlion, 4 (usumed to be a Iphere).

• Above is called Rayleigh region: ~ < 0.4.

• In far field: Prob. of eca.ttering = eca.ttering cross section, D':

D'(backsca.ttering) = A2; C;4) 6

• 2 1 (211"4)6
D'(forward lca.ttering) = A 411" T

• Backsca.ttering i.- Itronger than forward lcattering.

7.5.5 Material Properties

(7.8)

(7.9)

Cha.nr;e in E: moilture content: water hu a very high E, very Itrong a.bsorber
of microwave.
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7.6 Graphs
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Figure 7.1: Amplitude Method for Thickness Measurement
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Figure 7.2: Phase-Shift Method for Thickness Measuument
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Figure 7.5: Electrical Thickness VS. Rellection and Transmission coefIicients
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Figure 7.6: Phase-Shift vs. Electrical Thickness
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