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ME1000 RF Circuit Design
Tutorial 1
Advanced Transmission
Line Theory
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​​​ Question 1
(a)  Describe the 4 propagation modes in a waveguide/transmission line.

(b)
Under what conditions is an interconnection considered a transmission line with propagation effect?

Question 2

Explain why TEM propagation mode is preferred over TM, TE or mix modes?

Question 3

A parallel plate waveguide has the following cross sectional dimensions: W=25.0 mm, d = 1.6 mm.  The dielectric between the conducting plates has a dielectric constant of 4.2 and is non-magnetic.  Find:

(a) Cutoff frequencies for TM1 and TE1 modes.

(b) Characteristic impedance for TEM mode.

(c) Propagation velocity for TEM mode.

(d) Group velocity for TM1 and TE1 modes at a frequency of 50.0 GHz.

(e) Assuming the conducting plate to be copper, with conductivity 5.76(107 S/m and the dielectric to be lossless, determine the low loss RLCG parameters for the parallel plate waveguide under TEM mode propagation.  Assume operating frequency at 2.4 GHz.

Note: This question is an exercise on using the various formulae associated with the distributed model of a transmission line.

Question 4 (Extra)

A coaxial cable consists of an inner and outer conductor.  The dielectric between the conductors has a dielectric constant of 2.3 with negligible loss.  The diameter of the inner conductor is 1.0 mm while the inner diameter of the outer conductor is 3.0 mm.  Find:

(a) The cutoff frequency for TE11 mode.

(b) Assuming the inner and outer conductors to be copper, with conductivity 5.76(107 S/m and the dielectric to be lossless, determine the low loss RLCG parameters for the coaxial cable under TEM mode propagation at 2.4 GHz.

(c) Draw the equivalent low frequency electric circuit for this transmission line if the length is 30.0mm.  Estimate the highest usable frequency for this equivalent circuit.

Question 5

Design a 50( microstrip line on a printed circuit board (PCB) with alumina substrate.  Assume the dielectric constant of the PCB to be 8.0, and the thickness of the dielectric to be 0.8 mm.  

(a) Ignoring the copper and dielectric loss, find the per unit length L and C of the transmission line.  

(b) Estimate the highest usable frequency for this transmission line.

(c) (Optional) Draw the equivalent low frequency electric circuit for this transmission line if the length is 30.0 mm.  Estimate the highest usable frequency for this equivalent circuit.

(d) If we want to use this transmission line as a delay line with Tdelay = 300 pS, what is the required physical length?

Question 6

What is a dispersive transmission line?  List down the precautions taken to reduce dispersion in a transmission line.  Briefly explain the ‘mechanism’ of each precautions.

Question 7

When will the characteristic impedance Zc of a transmission line be a complex quantity and what is its effect on electrical signal transmission?

Question 8

Design a 50( co-planar transmission line on a piece of single-sided printed circuit board with (r= 4.6, and thickness = 1.57 mm.  Assuming the transmission line is lossless and the propagation mode is quasi-TEM, find the per-unit-length L and C for the transmission line.  Suggest a way to find all the RLCG parameters if the dielectric is lossy and the conductor is not a perfect electric conductor (PEC).
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