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Fig. 1.1: © K. Kikkeri, https://commons.wikimedia.org/wiki/File:M0006 fCartesianBasis.svqg,
CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 1.2: © K. Kikkeri, https://commons.wikimedia.org/wiki/File:M0096 fCylindricalCoordinates.svg,
CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 1.3: © K. Kikkeri, https://commons.wikimedia.org/wiki/File:Spherical Coordinate System.svg,
CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Electrostatics /
Magnetostatics

Time-Varying
(Dynamic)

Electric & magnetic independent
fields are...

possibly coupled

Maxwell’s eqgns. 398 D -ds = Qene 398 D ds = Qcna
(integral) $.E-dl =0 $E-dl=—-F5 [(B-ds
$sB-ds =0 $sB-ds=0
b H-dl=1I,q $H-dl=Il,qt [s2D-ds
Maxwell’s eqgns. V-D =p, V-D=p,
(differential) VXxE=0 VxE=-2B
V'B :O V-B :O
VxH=1J] VxH=J+2D

Table 1.3: © Steven W. Ellingson, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 2.1: © Stannered, https://en.wikipedia.org/wiki/File:Charged-particle-drifts.svg,
CC BY 2.5 (https://creativecommons.org/licenses/by/2.5/deed.en). Modified by Maschen, author.



Fig. 2.2: © M. Biaek, https://en.wikipedia.org/wiki/File:Cyclotron motion.jpg,
CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 2.3: © YahuiZ (Y. Zhao), https://commons.wikimedia.org/wiki/File:Figure2.3Yahui.svg,
CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/). Modified by author.
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Fig. 2.4: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Torque associated with a
single lever arm.svg, CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 2.5: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Rudimentary electric
motor.svg, CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Fig. 2.6: © Abnormaal, https://en.wikipedia.org/wiki/File:Electric motor.gif, CC BY SA 3.0
(https://creativecommons.org/licenses/by-sa/3.0/).
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Fig. 2.7: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Magnetic field due to a line
current.svg, CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 2.8: © K. Kikkeri, https://commons.wikimedia.org/wiki/File:M0104 fRing.svg,
CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/). Modified by author.
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Fig. 2.9: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Straight wire moving in a
magnetic field.svg, CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 2.10: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Moving shorting bar of a
circuit in mag field.svg, CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 3.1: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Poynting%E2%80%99s
theorem illustration.svg, CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 3.2: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Uniform plane wave
incident cylindrical surface.svg, CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 3.3: © K.A. Mauritz, https://commons.wikimedia.org/wiki/File:Dielectric responses.svg,
Used with permission (see URL) and modified by author.
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Fig. 3.4: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Total current in phasor
domain.svg, CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 3.5: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Loss tangent definition.svg,
CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 4.1: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Current flow in cylinder
new.svg, CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Fig. 4.2: Biezl, https://commons.wikimedia.org/wiki/File:Skin depth.svg, public domain. Modified from
original.
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Fig. 4.3: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Experiment for current
density and resistance.svg, CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 4.4: © YahuiZ (Y. Zhao), https://commons.wikimedia.org/wiki/File:Figure4.4.svq,
CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/). Modified by author.
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Fig. 5.1: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Upw incident on planar
boundary.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 5.2: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Upw incident on a slab.svg,
CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Electric Field Intensity  Magnetic Field Intensity Region of Validity

Region | Ei(z) = xEle 7P1= H'(z) = +y (E{/m) e 7P 2 < —d
E"(z) =xBet?2  H'(2) = —y (B/m)e™5*

Region2 E?(z) = xCe 7P27 th( )= +y (C/ny)e P22 —d<2<0
ET2(Z) — }"{De+j)822: HT2(2) )"/ (D/?h) €+jﬁgz

Region 3 E!(z) = xFe /P32 H!(z) = +y (F/n3)e 2 2 >0

Table 5.1: © Steven W. Ellingson, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 5.3: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Double-boundary problem
equivalent.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 5.4: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Plane wave in basic
coord.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



B
Y@ ——2 —&o—

Fig. 5.5: © Sevenchw (C.Wang), https://commons.wikimedia.org/wiki/File:Plane wave in rotated
coord.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Fig. 5.6: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Plane wave in another
rotation coord.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 5.7: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Plane wave in ray-fixed
coord.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Fig. 5.8: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Coord system for TE-TM
decomposition.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Region 1 Region 2

Fig. 5.9: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:TE-polarized upw incident
on planar boundary.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 5.10: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Incident reflected and

transmitted magnetic field components.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-
sa/4.0/).
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Fig. 5.11: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File: TE-polarized upw incident
from air to glass.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 5.12: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:TM-polarized upw incident
on planar boundary.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



air glass

Fig. 5.13: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:TM-polarized upw incident
from air to glass.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Region 1 Region 2

Fig. 5.14: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Upw incident obliquely on
planar boundary.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Fig. 5.15: © Z. Sandor,
https://commons.wikimedia.org/wiki/File:F%C3%A9nyt%C3%B6r% C3%A9s.jpg,
CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0/).
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Fig. 5.16: © G. Saini, https://kids.kiddle.co/Image:Refractionn.jpg, CC BY-SA 4.0
(https://creativecommons.org/licenses/by-sa/4.0/).



Fig. 5.17: © D-Kuru, https://commons.wikimedia.org/wiki/File:Prism-side-fs PNreC2%B00117.jpg,
CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0/).



Fig. 5.18: © Suidroot, https://commons.wikimedia.org/wiki/File:Prism-rainbow.svg, CC BY-SA 4.0
(https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 5.19: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File: TE-polarized upw incident
on planar boundary.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 5.20 © Steven W. Ellingson, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/)
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Fig. 5.21: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:TM-polarized upw incident
on planar boundary.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 5.22 © Steven W. Ellingson, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/)
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Fig. 5.23: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Reflection of plane wave
incidence angle equals polarizing angle.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-
sa/4.0/).
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Fig. 5.24: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Brewster%E2%80%99s
angle for non-magnetic media.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Region 1 Region 2

Fig. 5.25: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Upw incident on planar
boundary angle reflection equals incidence.svg, CC BY-SA 4.0
(https://creativecommons.org/licenses/by-sa/4.0/), modified.
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Fig. 5.26: © Z. Sandor, https://en.wikipedia.org/wiki/File: Teljes
9% C3%A9nyvisszaver%C5%91d%C3%A9s.jpg, CC BY-SA 3.0
(https://creativecommons.org/licenses/by-sa/3.0/).



Fig. 5.27: © Timwether, https://en.wikipedia.org/wiki/File:Laser in fibre.jpg, CC BY-SA 3.0
(https://creativecommons.org/licenses/by-sa/3.0/)
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Fig. 5.28: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Upw incident on planar
boundary total internal reflection.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 6.1: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Geometry for analysis of
fields in parallel plate waveguide.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-
sa/4.0/).
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Fig. 6.2: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:TE component of electric
field in parallel plate waveguide.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 6.3: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Magnitude of the two
lowest-order TE modes in parallel plate waveguide.svg, CC BY-SA 4.0
(https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 6.4: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:TM component of electric
field in parallel plate waveguide.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 6.5: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:TM component of electric
field in parallel plate waveguide.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 6.6: © Steven W. Ellingson, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/)
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Fig. 6.7: © Steven W. Ellingson, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/)



Fig. 7.1: © SpinningSpark, Inductiveload, https://commons.wikimedia.org/wiki/File:Twin-lead cable
dimension.svg, CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0/). Minor modifications.
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Fig. 7.2: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Parallel wire transmission
line structure and design parameters.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-
sa/4.0/).



Fig. 7.3: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Electric and Magnetic Field of
Wire Cross-Section.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Fig. 7.4: © 7Thead7metal7, https://commons.wikimedia.org/wiki/File:Microstrip scheme.svg, CC BY-SA
3.0 (https://creativecommons.org/licenses/by-sa/3.0/). Minor modifications from the original.
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Fig. 7.5: © Steven W. Ellingson, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/)




Fig. 7.6: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:View from the side of a
microstrip line.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 7.7: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Electric and Magnetic Fields
for Microstrip.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 7.8: © Steven W. Ellingson, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/)
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Fig. 7.9: © Steven W. Ellingson, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/)
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Fig. 7.10: © Steven W. Ellingson, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/)



Fig. 7.11: © Steven W. Ellingson, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/)
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Fig. 7.12: © Steven W. Ellingson, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/)
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Fig. 8.1: © S. Lally, https://commons.wikimedia.org/wiki/File:Figure 8.1-01.svg,
CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/). Modified by author.
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Fig. 8.2: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Internal Reflection in Optical
Fiber.svg, CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Fig. 8.3: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Injecting Light into Optical
Fiber.svg, CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 8.4: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Cone of Acceptance.svg,
CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 8.5: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Paths of Light through Optic
Cable.svg, CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 8.6: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Digital Signal on Fiber Optic
Cable.svg, CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



TT’

[} L}

.
Fig. 8.7: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Dispersion on Signal Output
from Fiber Optic Cable.svg, CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 9.1: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:A z-directed current
moment located at the origin.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 9.2: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:A z-directed current
moment located at the origin.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 9.3: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Current moment displaced
from the origin.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 9.4. © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:A filament of current lying
along the path c.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 9.5: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:A z-directed current
moment located at the origin.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Fig. 9.6: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Current distribution of the
esd.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 9.7: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Esd approximated as a
large number of hertzian dipoles.svg, CC BY-SA 4.0(https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 9.8: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Parallel ray approximation
for an esd.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Fig. 9.9: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Magnitude of the Radiated
Field.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 9.10: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Electric and Magnetic Fields
in Plane of Constant Theta.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 9.11: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:FHplaneMag.svg,
CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 9.12: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:FHplanePol.svg,
CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 9.13: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:A thin straight distribution
of radiating current.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 9.14: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Esd approximated as a
large number of hertzian dipoles.svg, CC BY-SA 4.0(https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 9.15: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Parallel ray approximation
for an esd.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 9.16: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Current distribution of the
hwd.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Fig. 9.17: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Comparison radiated field
magnitude of hwd to esd.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 10.1: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Standing Wave Creation.svg,
CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 10.2: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Electrically-Short Dipole.svg,
CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 10.3: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Zero-Length Dipole Open
Circuit.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 10.4: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File: Transmitting Antenna
Circuit.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Fig. 10.5: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Magnitude of the Radiated
Field.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 10.6: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:FHplaneMag.svg,
CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 10.7: © T. Truckle, https://en.wikipedia.org/wiki/File:Sidelobes en.svg,
CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/). Modified.
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Fig. 10.8: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Half-Power Beamwidth.svg,
CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 10.9: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Antenna Equivalent
Circuit.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



T'wo-port

Fig. 10.10: Inductiveload, https://commons.wikimedia.org/wiki/File:Two Port Circuit.svg,
public domain. Modified.
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Fig. 10.11: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:An electromagnetic
system consisting of a current distribution radiating an electric CC BY-SA 4.0
(https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 10.12: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:An electromagnetic
system consisting of a different current distribution radiating CC BY-SA 4.0
(https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 10.13: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:A two-port consisting of
two dipole antennas.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 10.14: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:The port 1 antenna a
transmitting and b receiving.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 10.15: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File: Thin straight dipole
respond to incident plane wave.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 10.16: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Dipole of interest driven
by current.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 10.17: © Sevenchw (C. Wang), https://commons.wikimedia.org/wiki/File:Hertzian dipole drive by
current.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).



Fig. 10.18: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Antenna Equivalent
Circuit.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).
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Fig. 10.19: Inductiveload, https://commons.wikimedia.org/wiki/File:Two Port Circuit.svg,
public domain. Modified.
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Fig. 10.20: © Offaperry (S. Lally), https://commons.wikimedia.org/wiki/File:Antenna Equivalent
Circuit.svg, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/). Modified.
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Fig. 10.21: Chetvorno, https://en.wikipedia.org/wiki/File:Antenna and resistor in cavity.svg,
public domain. Modified.
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Fig. 10.22: © Steven W. Ellingson, CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/)
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