SoLuTION S

University of California, Berkeley Spring 2007
EECS 117 Prof. A. Niknejad

Midterm Exam (closed book)
Tuesday, February 17, 2004

Guidelines: Closed book and notes. You may use a calculator. Do not unstaple the exam.
Warning: Illustrations not to scale.

You may find the following formulas useful:

For a distributed circuit with impedance per unit length 7’ and admittance per unit length
Y’, the voltage and current on a transmission line take the following form in harmonic
steady-state
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where v = VY’Z' = o + jf3 is the propagation constant and Zy = +/Z'/Y" is the
characteristic impedance of the line. The reflection coefficient from a termination Zj, is

given by
VAR
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The impedance on the transmission line at an arbitrary distance from the load is given by

Z1, + Zy tanh(v£)
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For a lossless line, the equation take on the form

Zy, + jZgtan(fe)
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The standing-wave on the transmission line is given by
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1. (25 points) Answer each question briefly.

(a) Draw an equivalent circuit for a transmission line of length ¢ terminated by an
open circuit for a small offset around the frequency f = 1.5¢/£. You do not need

to specify the component values.
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(b) Consider the matching circuit shown above where the load Zj, is transformed
into Zy = 50 ). Specify the component values Zyy and #; to obtain an
impedance match. (Zy = 62 Q and Zz, = 27.455 + j50 ). The open stub of

length £, has an impedance of Zj.
Voo 4= 2L = 27795 & g qps oIS
Z?L (2L]L 32 5"1

_5 DElle~y oper sTUE T2 TwE 2T J'/é'ws

7

Loss




g < 2
L,=0
INPE

hs %

= SpLvE Fose /Q;
L~ ls.sn
ELG-P(— ?'(‘(M_S " >
2= 2 _ G2'. TLEES
2o 50
Wart 2o, o 20 = 2= (25 Cuctr
xé),e{%-

(c) Draw the impedance R + jwL on the Smith Chart as wo = 0 — oo. Assume
R < Z,. Label the point at DC, frequency wy = R/L, and co.

W, = R/L

5

L EPr BAeD 52
Axis

2=K i ;

2P o‘DJ (ovev

2+ Ie-}—) R W
elD)=Tn(Z) NS

°‘-\ -

(d) Calculate the ionization energy of the Hydrogen atom. The Bohr radius is
approximately 0.53 x 10710 m
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2. (25 points) Consider the following circuit consisting of two transmission lines of
characteristic impedance Zys = 2%y, equal length £ and equal propagation velocity.
The lines are initially charged to 1V and then at time ¢ = 0, one end of the line is

discharged through an ideal switch.

(a) Using the provided graph, draw the bounce diagram for the circuit from t =0 to
¢ = dt,, where tg = £/c is the time for a wave to propagation along one line.
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(b) Sketch the voltage waveform at the interface (versus time).
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(¢) How much energy is stored on the line at time ¢ < 0 and ¢ — 007
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(d) What is the final value of the voltage at the load? Explain.
[T oscticATES ./ SiwCt T L!rv(-—;

HrE

b A4
rReETIRN 72 A STAGLE DC

Eor T

loss LESS , THE CeRculT CadmoT

DP EVEANIA -




3. (25 points) In this problem you will design a two-wire communication link between
two points separated by 100 km. In your calculations below, consider the losses due
to resistivity of the wires but ignore the dielectric losses. Invoke a low loss
approximation, e.g. Zp is approximately real and « is small.

For a two-wire line, the inductance per unit length is given by

L= B cosh! i
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where d is the separation between the wires and a is the wire radius.
(a) The two wires are embedded in a thick plastic casing for mechanical support.

The dielectric constant of the plastic is 5. How long does it take to send
information from origin to destination?
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(b} Derive an expression for the propagation constant of the line. Assume
R « wyl/, where wy is the operating frequency.
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(c) In order to communicate over this distance, specify the maximum tolerable
resistance per unit length if the minimum detectable signal is 6 £V while the
wires melt if the current exceeds 5 A. Assume the characteristic impedance of
the line is 600£2.
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(d) Specify the wire radius and separation to satisfy the previous conditions. If you
were not able to solve the previous problem, assume that o =1 X 1078, Assume

that the conductivity of the wire o = 107 §/m.
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(e} In order to increase the communication distance further by a factor of 10,
lumped inductors are periodically loaded onto the line as shown above. Specify
the number and value of inductance needed to do this if the maximum allowed

spacing between the inductors is A/10 and the communication frequency is
1 MHz. Explain why this works.
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4. (25 points) Consider a simple parallel plate structure consisting of a two large
conducting plates of area A separated by a small distance . Note that t < VA,

Suppose that a charge +|Q)] is placed on the top conductor and —|@Q]| is placed on the

bottom conductor as shown below.
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(a) Calculate the electric field inside and outside of the plates.
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(b) Calculate the electric field inside and outside of the plates when the region
between the plates is filled with a uniformly charge. In other words, a positive
charge |@1| < |Q| is distributed evenly between the plates. The cross section of

the setup is shown above.
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(¢) Now assume the bottom plate is replaced by an infinitely large conducting plane
(ground). Recalculate the fields inside and outside for this case. Note the charge
on the top plate and the charge between the regions remains the same.
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