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Scattering and Connection (the General Lossy Case)

- Six links exist for the general lossy case

- We, however, do not care about the value of the reflected
Impulses on the loss stub (energy isjust being absorbed)

- Also, no incident wave appear on the loss stub because it
IS matched

. |t follows that the scattering matrix can be reduced in
dimension by 1 (SLIR>®)

- Following asimilar approach to that used in the lossless
case we derive the scattering relationship
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Scattering and Connection (Cont’d)

vi] [2-y 2 2 2 2y
vl |2 2.y 2 2 2y
vil=2l 2 2 2-y 2 2y
vil Yl 2 2 2 2-y 2y
vi] L2 2 2 2 2y-y
Wherey=4+y+g,, y,=4.0(¢, -1 , g = %
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Modeling of Boundaries

- In establishing the equivalence between Maxwell’s
equations and a network of TLM nodes we noted that
node voltage models the electric field and that link
currents model the magnetic field

. |t follows that the boundary resistive |oad represents the
wave impedance

. Lossless nondispersive boundaries include open and short
circuit (magnetic and electric walls, respectively)
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Modeling of Boundaries (Cont’d)

.- The general expression of the link reflection coefficient
due to anon dispersive load R Is
RL _/70\/5

[ =
RL_l_no\/E

- For amagnetic wall we have Vki+1 =V, , link reflection

. . -n /2
coefficientis 1, I'm = lim R 77TVE —1 0
Rl - RL+,70\/§

. For an electric wall we have V.., =-V, . link reflection

. . . - 2
coefficientis-1,7.= lim R. '70[
RL-0 RL+/70\/§

=-1.0
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Modeling of Boundaries (Cont’d)

- For alossy boundary with surface resistance R, the link

. . R-N.AN2 r
reflection coefficient 7's= —— V.., =TV
Rs+/70\/§ k+1 k

- For TEM waves propagating in free space, the wave
Impedance is 77, regardless of the wave frequency. It
follows that a wideband Absorbing Boundary Condition
(ABC) has an impulse reflection coefficient

M1, =1,V 2 -
=20 fo = =-017157, V... =T V.
peen2 o Ve SO

- For TEM waves propagating in adielectric with & , wave
impedanceis 17./,/¢, regardiess of the wave frequency. It

Nl Ne —nN2
at I” —_ 0 0 ’ I+1 — r
0o 12 Vi =1 Vi

EE750, 2003, Dr. Mohamed Bakr

followsth




Modeling of Boundaries (Cont’d)

- For TEno modes in arectangular waveguide, the wave
Impedance above cut-off isreal but dispersive. It follows
that an ABC using areal impulse reflection coefficient is

feasible only at one frequency

)2
@J%ﬂ%hﬁwﬁ

s VL =TV

Aq1sthe guide wavelength and A Is the open medium

- A wideband ABC is obtained in this case using the John’s
matrix
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Discrete Time-Domain Green’s Function
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Excite with an Impulse at node | and register all impulses
coming out at all linksfor all time steps
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The Johns M atrix

. Thismatrix is aso denoted as the Johns matrix

- The Johns matrix is athree-dimensional matrix

- Theith row of this matrix is obtained by exciting an
Impulse at the ith node and registering all impulses
coming out at all linksfor all time steps

- Thisisrepeated for al links, so N TLM analyses are
required

. Sequences of the form g(m,n,k) are being generated. Here
g(m,n,K) isthe reflected impulse at the mth node at the kth
time step due to a unit incident impulse at the nth node at
the O™ time step

EE750, 2003, Dr. Mohamed Bakr



TheJohns Matrix (Cont’d)

. Using convolution summation we have
N k :
(\/r;)k =2 2 g(m, n, K- k,) (Vln)k'

n=1k'=0
_gll(k) glz(k) glN(k)_
Alternatively G(k) = 92 (K)
gk . G (K)

V' (k)= XG(k=K)V' (K)

- Johns Matrix is utilized in partioning of alarge structure
Into small substructures and in time-domain modeling of
wideband ABC in non-TEM waveguides
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Dispersionina2D TLM Mesh

- Wefirst study propagation at 45
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Christos, Transmission Line Modeling (TLM)
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Dispersonina2D TLM Mesh (Cont’d)

. Exciting ports1 and 2 by 1V resultsin v, =v, =0V and

V3=V4=1V. These reflected impulsestravel to become
Incident on neighboring nodes at the next time step. This
will give v/ =v;=1 and V3;=V,;=0V. Ittook 2time
steps to travel adistance of Al+/2

- The network velocity is

A2 VL
— - — regardless of frequenc

- It follows that no dispersion appears for this case
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Dispersonina2D TLM Mesh (Cont’d)

. For propagation in the direction of one of the axis,

symmetry allows us to represent the network by a cascade

of periodic structures
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Dispersonina2D TLM Mesh (Cont’d)

. |t follows that we have
 Cos€ jz,Sn@ 1 0]l Cos@ |jz,Sind]
=1 iS 2| tan@ | S
[T] |SinG Cosé Jtan 1 JSinG Cosé
A L Zo 1 Zv |
o= G0t
2

- Equating this product to the ABCD of a single section
of transmission line

v __CQS,BAI szSin,BAI_V2
e e |
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Dispersonina2D TLM Mesh (Cont’d)

It follows that we have sin(Al/ 2) = /2 sin(caAt/ 2)
A _wN _2d N _ AN _ A

But w
2 2 VL 2 VL Ao VL Ao
_w _ 21 _2ny 271 v
and VN — — — :__L
T B TP
- Combining the above equations we obtain the dispersion
VN n(All p,)

relatlonShlp Vi B Sin_l(\/ESin(MI//]o))
Notice that vy, depends on the ratio Al/A,

. Also, for Al<< A, , vy =2V,
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Dispersonina2D TLM Mesh (Cont’d)

1.2

45 degraas

4

rero degraes o

0.8f -

Ratio of Model to Medium Wave Velocities
(]
o)

Pe Y N TN S T SN T T N A N S TN Y N T N W
.01 06 11 16 21

Discretization Length/Free Space Wavelength

Christos, Transmission Line Modeling (TLM)
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3D TLM

- The symmetric condensed node (SCN) is the most
widely used node
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. The SCN has 6 branches with 2 transmission lines in each
branch
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3D TLM (Cont’d)

. For modeling free space S /42*12

- Components of Sare determined through conservation of
energy

« Open and short circuit stubs are used to model the proper
capacitance and inductance in the X,y and z directions

. Inthiscase S/ 4818
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