ECE 3154 Microwave Engineering

Microwave Components

Parameters Formulas
For Directional coupler, 1010 Py
Coupling Factor (dB) B10p,
Directivity (dB
y (dB) 101log;o P—4
3

P; is power input to port 1
P; is power output from port 3
P, is power output from port 4

Spacing between the centres
of two holes of a two hole
directional coupler is

/19
Where n is any positive integer.

Efficiency of klystron

ﬁOIZVZ
214V,

Where f3, is the beam coupling coefficient of the catcher gap
I, is the fundamental component of the catcher gap voltage
I, is the DC current
V, is the high dc voltage

Depth of velocity modulation
in Klystron

BiV1
Vo
Bi is the beam coupling coefficient
V5 is the amplitude of the signal.

Output power delivered to Bol2V,
the catcher cavity and the 2
load for a klystron is
Fundamental Parameters of Antenna
Parameter Formula
Infinitesimal area of dA = r?sin6 df d¢ (m?)
sphere dA Where r is radius of sphere
Elemental solid angle of df) = sin6 df d¢ (sr)
sphere d2
Average power densit 1
gep y W, = - Re[ExH*]  (W/m?)
W,, 2
Radiated power/average _ _ 1 .
radiated power P,44 Praa = Fov = # Woy + ds = 2 # Re[ExH] - ds
S S

Approximate maximum
directivity
(omnidirectional
pattern)

101

= HPBW (degrees) — 0.0027[HPBW (degrees)]?
(McDonald)

Dy
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Dy = —172.4+ 191 [0.81
0 * \/08 8+ HPBW (degrees)

Loss resistance R;,
(straight wire/uniform
current)

(Pozar)
l [ [wu
RL = Rhf = ERS = F ? (Oth)

Where P is perimeter of the cross section of rod (P = C =
2nhb for a circular wire of radius b)
R, is the conductor surface resistance
w angular frequency
Uo permeability of free space
o conductivity of the metal

Loss resistance R,
(straight wire/A/2
dipole)

L [wpg
R, = — |[—
L= 2p N 20

Maximum gain G,

Go = eca Dmax = €ca Do

Partial gain Gg, G ¢

G0= Gg+ Gd)

Go = 4mUg 4'7TU¢
o =
Pin Pin

1G¢):

Absolute gain G,

Gaps = € G(0,9) = e, eq D(6,9)
= (1_ |F|2) €cd D(9'¢) = eOD(QJ(I))

Beam efficiency BE

[T [T U(6,¢) sin6 do de

BE = 2w T
ST U8, ¢)sind do do

Polarization loss factor
(PLF)

PLF = |py, " Pal* = |COSl/Jp|2 (dimensionless)
P 1S unit vector of the wave
P Iis polarisation vector

P, angle between two unit vector

Vector effective length

(6,¢) = Gglg(6,¢) + Ay 14(6,9)

l.(6,¢)
Polarization efficiency |le . Einc|2
Pe Pe = |le|2 |Einc|2

L, vector effective length of the antenna
E¢ incident electric field

Antenna impedance Z,

Zy= Ry +jXy= (R + Ry +jX,
Where Z, antenna impedance at terminal a-b (ohms)
R, antenna resistance at terminal a-b (ohms)
X, antenna reactance at terminal a-b (ohms)
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A.m  maximum ef fective area

Aperture efficiency ¢, . =
w4, physical area
Radar cross section ) A _ 5 |ES|?
(RCS) o= }gl_r)glo [47TR Wl] = 1;1’1_{20 [477.’R |Ei|zl
| , [H5P2
= l%l_zrgo [47TR |Hi|zl

Brightness temperature

TB(GJ (p )

T5(0,9) = €(6,0)Tn = (1— ITI*)Ty

Antenna temperature Ty

_ [T [T Ts(8,6) G(6,$) sing df d
ST 66, ¢)sin0 do dep

Ta

Radiation Integrals and Auxiliary Potential Functions

Parameter

Formula

Vector potential A for
an electric current
source J

1
Ea= — Voo —joA= —joA—j -V (V- A)

Vector potential F for a
magnetic current source
M

1
HF: —]G)F—]w—‘uEV(V F)

Total field

and

1 1
E=Ep+ Eg= —jwA—j—V(V-A)— — VXF
A F jw ]w,ue ( ) P X
or

1 1
E=E,+ Er= —VxH,— — VXF
A F Jjwe XHa € X

H= H,+ Hy= %VXA—ij—ijMV(V-F)
or

H= H,+ Hp= iVxA— ﬁVxEF

Linear Wire Antennas

Parameter

Formula

Infinitesimal Dipole

Normalized power
pattern

U= (Egy)? = Cosin® 8
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i E
Wave impedance Z,, Z, = Lo _ n = 377 ohms
Hy
Vector effective length l, = —adglsinf
le
llelmax = 4
Half-power beamwidth HPBW = 90°
Loss resistance R;, R — l /w!lo L T
L™ pN26 " 2nbAN 20
Small Dipole

Normalized power
pattern

U= (Epp)? = C;sin*8

Vector effective length
le

l, = —ag Esin 0

l
|le|max - E

Half-power beamwidth

HPBW = 90°

Half Wavelength Dipole

Normalized power

2

oattern , cos (% cos 6) .
U= (Egp)* = C, BT — ~ (C,sin° 6
i E
Wave impedance Z,, 7, = H_e ~ 1 =377 ohms
¢
Vector effective length 3 cos (% cos 9)
Le le = —do T sin 0
A
lLelmax = — = 0.31831
Half-power beamwidth HPBW = 78°
Loss resistance R, R — l [wllo L Jwopg
L™ pP~N20c  4nb A\ 20
Quarter-Wavelength Dipole
Normalized power cos (E oS 9) ?
pattern U= (Eg)?= Cp|—2 2| ~ ¢,s5in36

sin @
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Wave impedance Z,,

Zy=— =~ n=377 ohms

Vector effective length
le

] Cos (% cos 0)
e = 000 Ging

2
lelmax = — = 031832

Loop Antennas

Parameter

Formula

Small circular loop

Normalized power
pattern

U= |Epn| = Cosin? 6

Wave impedance Z,,

Zy=—— = n =377 ohims

Loss resistance R;,

R = l ’a),uo 1 ,a)uo
(one turn) Y PN20  2mbN 20
Loss resistance R, _Na R,
(N turns) Ry=—-Rs (R_0+ 1)
Where R, surface impedance of conductor = %

R, ohmic resistance per unit length due to proximity effect

R, ohmic skin effect resistance per unit length = % (ohms/
m)

a circular loop of radius
b wire radius

Loop external
inductance (L,)

= naln(2)

Loop internal inductance

L - @ [@H
(L) ‘" wb N 20
Vector effective length le = dgjkoma® cosi; sinb;
le

Where 1; is angle between the direction of magnetic field of the
incident field and the plane of incidence

Half-power beamwidth

HPBW = 90°

Large circular loop
(Uniform current)

Normalized power
pattern

U= |Egn|” = C Ji% (kasin®)

Wave impedance Z,,,

Zy,=—— =~ 1n =377 ohms
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Loss resistance R,
(one turn)

L [wug . ! Who
= P\N20  2nb\ 20
Where L is length
P perimeter (circumference) of the wire loop

Loss resistance R;, _ N, Ry
(N turns) Ro=5 & (RO + 1)
External inductance L, [ <8a> ]
L, = In(—)—2
A= Hodl|in b
Internal inductance L; _a  [wp
"" wb N 20

Vector effective length
Le

le = dgjkoma® cosi; sinb;

Small Square Loop
(Uniform current, a on Each Side)

Normalized power
pattern (principal plane)

U= |Ep|* = C,sin?0

Wave impedance Z,,

Z,=—— = n=2377 ohms

Loss resistance R,

_4a WHo Ho
B P\JZU an\]

External inductance L,

Ly =2 % |in (%) — 0.774|

Internal inductance L;

[ = 4a ’wuo ’
LT wb \ 20 2mbw

Ferrite Circular Loop
(uniform current)

Demagnetizing factor D

Ellipsoid: D = (%)2 [1n (2)- 1]

[l >a
Sphere: D = §

Where a is radius of ellipsoid
[ length of ellipsoid
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Arrays: Linear, Planar and Circular

Parameter | Formula
Dolph-Tschebyscheff Array
Array factor m=0 cos(mu) =1

m =1 cos(mu) = cosu
m = 2 cos(mu) = cos(2u) = 2 cos*u—1
m = 3 cos(mu) = cos(3u) = 4 cos3u — 3 cosu
m = 4 cos(mu) = cos(4u) = 8 cos*u—8cos?u + 1
m =5 cos(mu) = cos(5u) = 16 cos®>u — 20 cos3u
+ 5cosu
m = 6 cos(mu) = cos(6u) = 32 cos®u — 48 cos* u
+ 18 cos?u—1
m = 7 cos(mu) = cos(7u) = 64 cos’ u — 112 cos® u
+ 56 cos3u — 7 cosu
m = 8 cos(mu) = cos(8u) = 128 cos®u — 256 cos®u
+ 160 cos*u — 32 cos®u +1
m = 9 cos(mu) = cos(9u) = 256cos’u — 576 cos’ u
+ 432cos®u — 120 cos®u + 9 cosu

The above are obtained by the use of Euler’s formula
[ej“]m = (cosu +jsinu )™ = /M
= cos(mu) + j sin(mu)

Then
m =0 cos(mu) =1 = Ty(2)

m =1 cos(mu) =z = T,(2)
m =2 cos(mu) = 2z2 -1 = T,(2)
m =3 cos(mu) = 4z3 — 3z = T;(2)
m =4 cos(mu) = 8z* — 822+ 1 = Ty(2)
m =5 cos(mu) = 16z° — 2023 + 5z = Ts(2)

m =6 cos(mu) = 32z° —482z* + 1822 — 1 = T¢(2)
m =7 cos(mu) = 64z” —112z° + 5623 — 7z = T,(2)
m = 8 cos(mu) = 12828 — 2562° + 160z* — 3222 + 1

= Tg(2)
m =9 cos(mu) = 256 z° —576z7 + 432z° — 12023 + 9z
= To(2)

35



