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Last lecture

I Standing wave ratio (SWR)

I Lossy line
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Today

I Determination of R, L, G, C

I COMSOL example

I S−parameters

I Smith chart

I Introduction to hollow waveguides
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R, L, G, C

ΓΓ
Ω

σ

σ

ε

2

2

1

1
n n

cσc

Solve Laplace equation ∇2Φ(x, y) in Ω.

∇2Φ(x, y) = 0

Φ(x, y) =

{
V/2 onΓ1

−V/2 onΓ2
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C =
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V
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ρS d`
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C = 2
We

V 2
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L, G, R

L =
µ0ε0ε

C
(if losses are small)

G =
Cσ

ε0ε

R = Rs

∫
Γ1+Γ2

(ρS)2 d`(∫
Γ1
ρS d`

)2

RS =

√
ωµ0

2σc
=surface resistance.
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Smith chart

+
-

d

0
Z

L
Z

Γ(0) =
Z(0)− Z0

Z(0) + Z0
=
ZL − Z0

ZL + Z0
e−2jβd = Γde

−2jβd

Normalize with Z0

z(0) =
Z(0)

Z0
=
R(0) + jX(0)

Z0
= r(0) + jx(0)

zL =
ZL
Z0
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Smith chart

+
-

d

0
Z

L
Z

Γ(0) =
z(0)− 1

z(0) + 1
=
zL − 1

zL + 1
e−2jβd

Plot Γ(0), r(0), x(0) in the same diagram ⇒ Smith chart!
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Smith chart
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Smith chart
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Smith chart
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Smith chart
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Black Magic Design

The Complete Smith Chart
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Smith chart: example 1

x=0

r=0

x=0.5

r=0.5

x=-0.5

x=2

r=2

x=-2

r=1

x=1

x=-1

Γ

Γ

Γ

Re

Im

=1

+
-

d=0 λ

βd = 0 ⇒ Γ(0) = Γd = 1

Anders Karlsson, Electrical and information technology



Smith chart: example 1
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x=0

r=0

x=0.5

r=0.5

x=-0.5

x=2

r=2

x=-2

r=1

x=1

x=-1

Γ

Γ

Γ

Re

Im

=1

+
-

d= /4λ

βd = π/2 ⇒ Γ(0) = −1

Anders Karlsson, Electrical and information technology



Smith chart: example 1
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Smith chart: example 2
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Smith chart: example 2
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Smith chart: example 2
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Smith chart: example 2
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Smith chart

The admittance diagram

Y =
1

Z
= G+ jB =admittance

G =conductance, B =susceptance.

Γ(0) =
z(0)− 1

z(0) + 1
=

1− y(0)

1 + y(0)
= −y(0)− 1

y(0) + 1

Go to −Γ in Smith chart and exchange g for r and b for x.
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Smith chart

0.1

0.1

0.
1

0.2

0.2

0.
2

0.3

0.3

0.
3

0.4

0.4

0.
4

0.5
0.5

0.
5

0.6
0.6

0.
6

0.
7

0.
7

0.
7

0.
8

0.
8

0.
8

0.
9

0.
9

0.
9

1.
0

1.
0

1.
0

1.
2

1.
2

1.
2

1.
4

1.
4

1.
4

1.6
1.6

1.
6

1.8
1.8

1.
8

2.0
2.0

2.
0

3.0

3.0

3.
0

4.0

4.0

4.
0

5.0

5.0

5.
0

10

10

10

20

20

20

50

50

50

0.2

0.2

0.2

0.2

0.4

0.4

0.4

0.4

0.6

0.6

0.6

0.6

0.8

0.8

0.8

0.8

1.0

1.0

1.0
1.0

20
-20

30
-30

40
-40

50

-50

60

-60

70

-70

80

-80

90

-90

100

-100

110

-110

120

-120

130

-130

14
0

-14
0

15
0

-1
50

16
0

-1
60

17
0

-1
70

18
0

±

90
-9

0
85

-8
5

80
-8

0

75
-7

5

70
-7

0

65
-6

5

60
-6

0

55
-55

50
-50

45

-45

40

-40

35

-35

30

-30

25

-25

20

-20

15

-15

10

-10

0.0
4

0.0
4

0.0
5

0.0
5

0.0
6

0.0
6

0.07

0.07

0.08

0.08

0.09

0.09

0.1

0.1

0.11

0.11

0.12

0.12

0.13

0.13

0.14

0.14

0.15

0.15

0.16

0.16

0.17

0.17

0.18

0.18

0.19
0.19

0.2
0.2

0.21
0.21

0.22
0.22

0.23

0.23
0.24

0.24
0.25

0.25

0.26

0.26

0.27

0.27

0.28

0.28

0.29

0.29

0.3

0.3

0.31

0.31

0.32

0.32

0.33

0.33

0.34

0.34

0.35

0.35

0.36

0.36

0.37

0.37

0.38

0.38

0.39

0.39

0.4

0.4

0.41

0.41

0.42

0.42

0.43

0.43

0.4
4

0.4
4

0.4
5

0.4
5

0.4
6

0.4
6

0.
47

0.
47

0.
48

0.
48

0.
49

0.
49

0.
0

0.
0

A
N

G
LE

O
F

TRA
N

SM
ISSIO

N
C

O
EFFIC

IEN
T

IN
D

EG
REES

A
N

G
LE

O
F

REFLEC
TIO

N
C

O
EFFIC

IEN
T

IN
D

EG
REES

—
>

W
A

V
EL

EN
G

TH
S

TO
W

A
RD

G
EN

ER
A

TO
R

—
>

<—
W

A
VE

LE
N

G
TH

S
TO

W
A

RD
LO

A
D

<—

IN
D

U
CT

IV
E

RE
A

CT
AN

CE
COM

PO
NENT (+

jX/Zo), O
R CAPACITIVE SUSCEPTANCE (+jB/Yo)

CAPACITIVEREACTANCECOMPONENT(-jX
/Zo),

OR
IN

DUCTI
VE

SU
SC

EP
TA

N
CE

(-j
B/

Yo
)

RESISTANCE COMPONENT (R/Zo), OR CONDUCTANCE COMPONENT (G/Yo)

RADIALLY SCALED PARAMETERS

ROTARENEG DRAWOT —<>— DAOL DRAWOT
1.11.21.41.61.822.5345102040100

SW
R 1∞

12345681015203040
dBS 1∞

1234571015 ATTEN. [d
B]

1.1 1.2 1.3 1.4 1.6 1.8 2 3 4 5 10 20 S.W
. L

OSS
 COEFF

1 ∞

0 1 2 3 4 5 6 7 8 9 10 12 14 20 30

RTN. LOSS [dB] ∞

0.010.050.10.20.30.40.50.60.70.80.91

RFL. COEFF, P
0

0.1 0.2 0.4 0.6 0.8 1 1.5 2 3 4 5 6 10 15 RFL. L
OSS

 [d
B]

∞0

1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.5 3 4 5 10 S.W
. P

EAK (C
ONST

. P
)

0 ∞

0.10.20.30.40.50.60.70.80.91

RFL. COEFF, E or I 0 0.99 0.95 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0 TRANSM
. C

OEFF, P

1

CENTER
1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 TRANSM

. C
OEFF, E

 or I

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

ORIGIN

Black Magic Design
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Impedance match by Smith chart

Goal: Try to reach z = 1 ⇒ Γ = 0.
Rules:

I You cannot add resistance, only reactive components.

I You are allowed to move along the transmission line.

I You are allowed to go to admittance diagram and add
susceptance.
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Impedance match by Smith chart example

Goal: Match with two reactive components at z = d.

+
-

50 Ω
50 Ω

150Ω

d0
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Impedance match by Smith chart example
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Impedance match by Smith chart example

150ΩjB

jX

B =
0.475

50
= 9.5 mA/V and X = 1.38 · 50 = 69 V/A.

Z = j69 +
1

1

150
+ j

0.475

50

≈ 49.5 Ω− j1.5 V/A

Anders Karlsson, Electrical and information technology


