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Interactive lecture 1 of Topic 1

Transmission line theory
January 13, 2022

The main learning outcome of the course is to
create readiness to work in microwave
engineering related tasks and projects and
enable further studies and continuous learning
in microwave engineering.




Topic 1: Learning outcomes and content

The student can
— explain the wave propagation of a radio-frequency signal in transmission lines (such as
signal propagation, attenuation, reflection),

— calculate and simulate (AWR) related circuit parameters (such as voltage, current, power,
characteristic impedance, loss, reflection coefficient) related to transmission lines,

— design transmission lines (such as microstrip lines) with calculations and AWR simulations.

Transmission line model, wave equations and its solution (Pozar Chapter 2.1) MAIN
Wave propagation along a transmission line and characteristic impedance (2.1, 2.7) | Tppic ¢
Connection of the transmission line theory and EM field theory (2.2) TobAy

Microstrip line (3.8)

Voltage reflection from an impedance discontinuity and standing wave along a transmission line
(2.3)

These lecture slides and notes are not designed for self-study.
Please, use the course book chapters 2 and 3 for self-study.




The "world” becomes wireless, why do we
still study transmission line theory?

Coaxial cable, e.g., in

WiFi router

TV antenna cable
measurement
devices,

etc.

DXE-213U

Microwave amplifier
integrated on printed
circuit board
(consists of transistor
and microstrip lines)

Mobile phone
disassembled - lots of
transmission lines are
needed for signal transfer




Transmission line carries a wave with E and H fields
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Microstrip line is one important
transmission line in microwave engineering

) foad impedaricé_: -

ground plane
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e-field (f=2.5) [1]
Frequency 2.5GHz
Phase 0°

< o | electric field strength vector (red = strong, blue = weak)

Maximum on Plane (Plot] 3623.91 VW/m

mersoe venve | jllustrated at the centre (x = 0) of the line




Microstrip line is one important transmission
line in microwave engineering

loadippetance
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Pozar chapter 3.8.
_ ground plane
e-field (f=2.5) [1] &
Freguency 25 GHz ! ::‘.‘::::::::::::::
Phase 0* : . . : EEEE R R
Cross section c ::| electric field strength vector (red = strong, blue = weak) }ii:nnnanns
Cutplane at¥ 0.500 mm :: . . . e
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Transmission line theory and wave equations

Components and lines whose physical length is a fraction (?) of the
wavelength or longer must be analysed using the transmission line theory

aphrs Wave equations:

(d%u(2)

L‘ fno‘h C"""\CC/W\
R= Mesistance [
Ce c«{ho&n&olw

— a2
CD:CohJuchu,IV" I‘h dZZ - u(Z)
/ 7\ d2i(z)
1o, i lle Ads 2de / —2 = i@
»—O \ YA
( J — U(%*JE)
Vi®) @. ca %GJ* ) ¥2 = (R +jwl)(G +jwC)

dy - (R+J'wL) ((2) )l: ?roqméth CoI/IS'\"Mt

du= Ut -ulzda) <= Rejer V2 ifzy =

di=i(r)-~ {(2+d2): ~(6+jwc)drulR) = da
dt -

- G+ jwe) L) complex pumbers



One solution of the wave equations

(u(z) u(z, t) |
| az TV = Re{u(z) - 1" }
2.
dci(z) .
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This wave propagates to positive z-direction

u(z,t) = ut* cos(wt — fz) The phase (wt — z) changes
N

‘ 21 within one full wavelength:
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Wave travelling in the +z direction
in a lossless line

u(t,z) = u* cos(wt — fz)

T = E field vector, represents "voltage” u(z,t) ® = charge
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When to apply the transmission line theory?

[

220« St u(t,z) = u* cos(wt — fz)
o— —0 i_} - D
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Q1: What is the maximum length / of the line when
the phase difference of the voltage in the line is no

more than 10 degrees?

[

z=0 < > z=1
oO— 0
u(t=0,z=0) u(t=0,z=10
= u* cos(0) = u* cos(—pI)
o—— e
phase dil. pL = Ef = 300 £ < A0
| i 5 1
éa)_ A L 360" d 3% A

Select one alternative:

137. 1. | = %A — 0.201

07 2. l=—=-21=0.101
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67 3 1 = 1—12/1 — 0.0831
v/ — 15 ‘
58 @l —2 0.02817.
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Q2: What is the physical interpretation of this solution?

Note! Plus sign! ) ]
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Select the best alternative. o <0
This solution is a wave travelling... 4 — o >D
19°]. 1. in the +z direction with an exponential damping factor u
19']. 2. inthe +z direction with an exponential growth factor 5
O'ls 3. inthe +z direction with constant magnitude
"/. 32.“/- in the -z direction with an exponential damping factor Foﬁf;_:-f\bw X >0
b/ 5. inthe -z direction with an exponential growth factor direl hon (-2

bl* 6. inthe -z direction with constant magnitude |DPA (9‘[.



A wave travelling in the +z direction with an
exponential damping factor

¥ = +J(R +jwL)(G + jwC)
= complex propagation constant
=a+jf (uniti1/m)

u(z) = u-etvz

u(z,t) = Re{ u(z)e’®t}
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u(z,t)
lossless line
ut =1V;f=2 =;a=0
m

u(z,t) = ute®*

- cos(wt — Bz)

lossyline
=1V; ,8 2—
=—0, 15—

0.5

\AAAAAA

—1_0

VUV

/\ VAN o~ > Z

\/\/\/1[\/ N5 T 20




Full solution of the wave equations

Wave equations:
(d2u(z)
)@z =7 u(z)
m i(z+d) dzi(Z) _ Zi(z)
u(z)(‘ Ol == %Gdz )u(z+dz) \ _dZ 2 4

y = +/(R + jwL)(G + jwC)

_ _ t
%um=u"a“+ue"j =a+jp



Full solution and characteristic impedance

We define the characteristic impedance

t u"
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voltage y
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Characteristic impedance relates the voltage
and current on the line
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In-class task: average power of a lossy transmission line

Let us assume that the transmission line has some
resistive losses - i.e., in the equivalent circuit model R
and/or G # 0.

A wave travels in the positive +z direction only. Let the
average power at z = 0 be P, and it depends upon the
voltage u* and the characteristic impedance Z,.

Starting from the definition of the average power, derive
a formula for the average power P(z) of a lossy
transmission line in a location z (>0).

The teacher is available here to help you! Do not hesitate
to ask!

Return your effort in the return box in MyCourses under
Topic 1 latest at 12 noon today. It is completely okay if it
is not correct or ready at the end, the most important
thing is that you try to do it!

P@2) = 5 Re(u(®) - ' (2)

* is the complex conjugate
Re denotes the real part

u(z) =ute™||ly=a+jp

i(z) = ite 7%




Lecture task: average power of a lossy
transmission line - solution

P(2) = %Re{u(z) - i*(2)}= %R{uﬂe‘yz (ite7V%)*}

u+e_yz-<u ) (e VZ)} y=a+jp
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P(z) ==-Re

2 Zo

1 1
P(z) ==Re {u+(u+)* ce e Y e LBZe"'J,BZ}
2 lut|? 0 purely real 1

1 2 The average power decays twice as fast
e AZ s the voltage and the current. This

Lo i
P(2) =§|u |“Re

ZO makes sense as the power is the product
v ~ of the voltage and the current.
P(z=0) =P
. N . lut|?
we set the condition of the lossless line;
a =0 and Z, is real, we get a familiar formula: P (Z) —

27,



What's up on Monday

Find the exercise problems (1-4) of
Topic 1 in MyCourses

Antti V. Réisanen
Arto Lehto

The exercise session takes place on
Monday morning

We reserve everyone a 15-minute
one-to-one session with one of the
course teachers. See further
instructions in MyCourses.

for Wireless

Communicati :
and Sensgp

Applications :

We assume you to return 1-2 of the
problems during the pre-booked
meeting.




