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AwaiéCerg 8-9 — Kepaieg

(A0 TNV OTTTIKY] YOVIA TOV UMY OVIKOV!)

» E€lowoelg Helmholtz & Maxwell (&vector calculus).
» Far Field Coupling.
* Antenna Characteristics: VSWR, RL, Efficiency, Gain,

Bandwidth, HPBW, Polarization.
* Rough Estimation in High-Gain Antennas.

= Polarization Mismatch
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Kai Chang, “RF and Microwave Wireless Systems”, Wiley Series in
Microwave and Optical Engineering, John Wiley & Sons, 2000.
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Kepaieg 2.4-2.5GHz

Typical performance
Peak gain 2.2 dBi
Average gain -1.0 dBi
Average efficiency 80%
Maximum Return Loss -13 dB
Maximum VSWR 1.6:1 '

Electrical Radiation
Length

Vertical V4, dipole
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Ouvundote TS e€lomoelg Tov Maxwell?

Div: Pon owovuopotikov wE6i0v avd povada 0yKov

/ z
@E _P Crauss’ law I
£

= —— Faraday's law

. ap -
Vo« H —F-}—J Ampere’s law

V.-B =0 flux law

Curl: Kvkio@opia 610voopatikov TEdiov ava povaoo ETQavelog



Basic E/M Units

» charge density p (Coulomb/m?), current density J (Ampere/m?)
» permittivity €: Farad/m

» Electric Field E: Volt/m

» permeability u: Henry/m

» Magnetic Field H: Ampere/m

» Magnetic flux density B=magnetic flux/surface=p H: Tesla

» Magnetic flux ®@: Weber = Henry Ampere

» Electric Displacement D=¢ E: Coulomb/m?



Ouvudote OLoVVOROTIKY avdivon?

Let f:R?® — R and F: R® — R3. Write F = (f1, f2. fa).
Similarly tor g and G.
Define:
grad(f) =Vf = (5.5 %)
div(F)=V-F =21 428 °f

cur(F) =V x F = (% _ 8fy 8f1  0fs Ofs 6‘;"1)

oy dr ' Oz dr ' Oz oy

C e e a° a° a°
laplace(f) = V2f =25+ 5L+ 54

laplace(F) = V2F = ("'?Eflg?zfﬂs?zfaj




Let 0(x.y.2) be a scalar field. The gradient is a vector Ov u(’lGT € O0l0VVG nat lKT’] (IV(,I)\,UGH ?

8 3 8
grad ¢=(—,—,),
X &y 6

itis the derivative of ¢ in each direction. The gradient of a scalar field is a vector field. An alternative notation is to use the #e/or nat/zoperator, Vo = grad §.

Divergence of a vector field

Laplacian
Let F[x.y.z) be a vector field, continuously differentiable with respect to x,y and z. Then the divergence of F is defined by l

Af =V?f=V- -V,

divF=—t 4. Af = d212+()2f+02.£
o df() 1g§/f ;):f
ivFi ield i ' vF=V- A ——=+ —=
div Fis a scalar field it can also be writtenas divF =V - F f= p()p ( dp) + 2 06 + 922
: 1 0 of 1 0 of 1 9*f
Curl of a vector field Af=—— 2L
1= 25 (7 87‘) T s 0D (Smkp()ga) T sin? p 062
Let Ffx.y.z) be a vector field, continuously differentiable with respectto x,y and z. Thenthe cyrl  of Fis defined by
[ 7 k
o d d _OF3  OF; oF; OF, . oF; oF, ,
oz gy 3s | = WPl -Gy - it G )k
Fy  Fs  Fj

curl F is a vector field it can also be written as VxF, Noticethat V- (V xF) =0



Ouvudote OLoVVOROTIKY avdivon?

grad(f+g) =V(f+g) =V[f+Vyg
diviF+G) =V . (F+G) =V.F+V.G
curl(F+G) =V = (F+G) =V «F+V =G
grad(fg) =V i(fg) =fNg+gVf
divifG) =V -(fG) =Vi-G4+fV G
cwrl(fG) =V = (fG) =VixG+ V=G
grad(F - G) =V(F - G) =(F-VIG+(G-VIF+F = (VG +G=x(V=F)
diviFxG) =V . (FxG) =G VxF-F.VxG
el (F G =V (FxG)=FV.-G) -GV -F)I+(G-VF—-(F.-VIG
divgrad f =V . V[ = V2f = laplace f
curlgrad f =V « Vf =10

diveurl F =V - (V = F) =10
cwrlPF =V % (VxF) =VV.F - V2F = grad div F — laplace F
erad divF =VV - F =V % (V2 F)+V?F = cwl*F + laplace F

12



OuvuaoTe 010VUOUOTIKY] avdAivon?

To mopokato osiyvovuyv To Intuition...
(curl (rotation)= vector circulation per unit area, div=vector
flux per unit of volume, grad=direction of rate of change)

Curl
http://www.youtube.com/watch?v=fYzoiWIBjP8
Div
http://www.youtube.com/watch?v=tOX3RkH2guE

Grad
http://www.youtube.com/watch?v=0B8b8aDGLgE

13



Divergence of A at a point: ,
net outward flux of A per unit volume, when the volume
around the point of interest tends to zero.

he net outwa@

M0
Ay S Measure of the strength of a flow source

~
»

Pixp, Yo, 20)

dacds=| [+ [+ [+ [+ [+ [ |a-aa

In'u w o bhack  lefi rem 10} horiom
face face  face  jface  jace frce




Divergence Theorem (aka Gauss Theorem): ,
volume integral of of div of vector A = flux of A through
bounding surface of that volume.

j VeAdy = <j>s Aeds

he net outwa@

40 Ay
N Measure of

the strength of a flow source
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Curl of A at a point: vector, with f
magnitude = the maximum net circulation of vector A per unit area
around that point, as the area tends to zero,

direction = normal to area, when area is oriented such that circulation is
maximized.

SO RS ] ‘ _ . AlTorce =2 cireulation. Work
Circulation of A around contour C = A . C// A E-field = circulation: electromotive
force

C

Circulation of A in closed path c = line integral of A over c.

curl A =V XA =1lim L (fA c//
a1 |

— 1N

16



Curl Theorem (aka Stokes
Theorem):

the surface integral of curl of a
vector over an open surface

the closed line integral of the vect ¢
over the bounding contour of of t o
surface. ds=a_ds

§, (V<)o =, A-a

Question: what are the units of div(A), curl(4)?

17



e o

] A . /
Constant phase . e
wave front ———— 3

Maxwell

Aw0oTAOES OE
Qhm
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Far Field Region

Spherical wave Plane wave

Point \ \L \ ;

source = T [

Constant phase
wave front

o

Source i + R-A{ —

» Region where plane-wave is a “good” approximation!

> Practically, where antenna patterns are independent of distance.




Antenna Analysis (in one minute)

» Solution through inhomogeneous

Helmholtz equation. @

o P(.6,9)
» Antenna with volume V and current J: / al iy
TE_I—l_ L“'%JE = _It'[j' X
BE=V xA=pgH, & ”
-_-;"E"':'lF_F“ll Ob ti oint
7 servation poi
g / 7r) |7 — 7| av. Br6,4)

» Current distribution from Antenna

geometry. v

Antenna

> Numerical methods. X
20



We prove these in next lecture!
1+ || /

0< | <1, /R[«iiQU logo |,/ Return Loss
sign depends — g _ gt I
on book/context in 0T

> |['|> shows the percentage of power lost due to mismatch (reflection).

» power coupled to antenna = (1-|I']?) times the power delivered from source.
» Typically, VSWR is less than 2:1.

» Example: VSWR = 2:1 means that 11% of delivered tx power to antenna is

lost!

21



0 L -
—MBWF———
Characteristics: Bandwidth - -
0¥ T (4954 —--‘ -------- VSWR=2 ----

» Various meanings, depending on context.

Return Loss

-15 +

» Most common: impedance bandwidth.
-20 +

fo

» Impedance bandwidth: range of a8 |

FIGURE 3.8 VSWR = 2 bandwidth [2].

frequencies where VSWR below a
threshold.

» Other definitions based on gain,

efficiency, patterns etc. -

» Operational bandwidth usually smaller. *~*" ‘

£~ plane



Characteristics: Power
Radiation Patterns

» Remember: far-field electric
characteristics are independent of distance.

> Typically, plot power density (Poynting
vector across a sphere.centered at the ant.)

» Simpler approach: draw electric and/or
magnetic field at cut planes where the field

1S maximized.

» E-plane: Egplane.

» Cross-polarization component: E,

Return Loss

V.

-10F

-15

T

-20 +

as ¥
FIGURE 3.8

VA

fo

VSWR = 2 bandwidth [2].




Characteristics: Half-power Beamwidth
and Side Lobe Level (SLL)

Gain Level
7~ N\
BW

-HP
Minor Lobes /

~FNBW =

;
SLL

> Angle(deg)

» HPBW: the range in degrees such that the radiation drops to one-half.

» SLL: the number of decibels below the main peak of the side peaks.

24



: : = = =

Poynting power density = S(#.¢) = S?R [E X H’] :
I S(8.0)

D(6,¢) = W

max|S(6, &) - P =
Dmax = (P’ )i_ﬂﬁ//' Note: Pt Prad
t i
efficiency n = Fra = Frag -y
: 2 P+ Plos Gain & = nDnax.

» Gain and efficiency connect radiated power with ant input power.
» For example: G P/4nR? is radiated power density towards maximum

radiation direction (Note: P, is total input power P, = P, ;+P,...)-

rad

» Why don’t we always maximize gain? 25



Characteristics: gain-bw tradeoff

» Gain-beamwidth tradeoff: maximizing one, minimizes the other.

» Gain-bandwidth tradeoff also exists (fundamental).

» Thus, maximizing ant gain comes at the cost of reduced bandwidth and

increased HPBW.

26




» K, = 70° D ant dimension at the plane of interest.

» K, =30,000, 6,, 0, are HPBW across the two orthogonal principal planes.

27



Characteristics: Effective Area, Polarization

» Effective area proportional, but smaller, than physical area.

» Friis Equation is derived through A,

> Polarization = direction of Electric Field as a function of time:

straight line: linear polarization,

circle: circular polarization (LH or RH),

ellipse: eliptical polarization.

28



Polarization Example 8 1

> linear...

rigihil-tiand circular
polariration

> circular. ..

29




Polarization Mismatch

any orfentation recelves -
half of transmitted t e

TIEF ~ S
P g part

alecing field

anlenna

» reducing received power by 3-dB

30



(a) Monopole

Example: Dipole
Metal or
ground plane it
4 Image
Open
circuit? o
A
¢
H - plane
» G=1.64=>2.15dBi :
© 0.5 }

0.5 '~

» ERP: transmitted power referenced to dipole gain.

» EIRP: transmitted power referenced to isotropic antenna. 31
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Kepaieg 2.4-2.5GHz

Typical performance
Peak gain 2.2 dBi
Average gain -1.0 dBi
Average efficiency 80%
Maximum Return Loss -13 dB
Maximum VSWR 1.6:1 '

Electrical Radiation
Length

Vertical V4, dipole

33



Questions?
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