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1.2R and 3.2R.
Problem 7.1

Consider an ideal step-up transformer wound on a high-permeability iron toroid
with aturnsratio 1:N. Theradius of the toroid is R and its cross-sectional areais A, as
illustrated. Its permeability ism>>m,. If the power dissipated in the toroid itself is
negligible compared to the power flow into the load at the transformer output, then the
power into the transformer approximates the power out to the load, i.e. viiz @-V2iz, Where
the sign isreversed on i, because it is defined as positive when it is flowing into the
transformer, asillustrated:

va(t) i * - i2(t)
a) How does the average energy + Vo(t) +
stored in the toroid vary with its -
permesbility n? Assume m>> m,. More specifically,
asm® ¥ does this stored energy decline toward zero or increase toward ¥, for agiven
v(t)? Assumeiy(t) = O for simplicity. Briefly explain your reasoning or calculations.

b) Assume the polarity of the windings is such that a positive step voltage vi(t)
produces a positive step in vo(t) when ix(t) is zero (open-circuit). If the input is now
open-circuited and ix(t) is a square wave oscillating at 1 kHz between 1 and 2 milliamps,
approximately what is vy (t)? Indicate your answer by a simple dimensioned sketch of

V]_(t) .

C) Assume the output i is terminated with aresistor R that has a value such that the
energy storage and dissipation within the toroid can be neglected in comparison to that
disspated in R. What now is the Thevenin equivalent of the passive toroid-plus-R circuit
as seen from terminals 1?

Problem 7.2

Integrated circuits can be manufactured in avariety of ways. Let’s assume that
the wires connecting the transistors: 1) are formed with thickness 0.1 micron (amicron is
10° meters) and have width 0.4 micron, 2) are deposited on an insulating dielectric 0.1
microns thick with e/e, = 4, and 3) have conductivity s = 4" 10° Sm™, as does the



associated thick ground plane. The breakdown field strength for thisthin dielectricisa
million volts/cm.

a) What is the maximum operating voltage this circuit can use? Margins of safety
can reduce this specification.

b) What is the characteristic impedance Z, of this TEM line?

C) How long can these wires be before their series resistance is comparable to Z,?

d) If the highest frequencies (harmonics due to sharp edges of square waves) handled
by this circuit are 10 GHz, how long is a quarter-wavelength in this TEM line for this
maximum frequency?

e) What is the inductance L (Henries/m) for thisline?

f) Assuming the assumptions above are redlistic, as an |C designer, which of your
answers above might concern you, if any, and in what way?

Problem 7.3

A certain computer drives aflip-flop at the end of a 5-cm long 50-ohm TEM
transmission line having m=m, and e = 4e,. The Thevenin source impedances for the
line driver and the flip-flop are both 200 W. The equivalent Thevenin voltage source for
the line driver is a 10-volt step function, and the flip-flop switches state when its input
reaches 5 volts.

a) Sketch and dimension the voltage distribution V(z) on theline at t = 10™°
seconds.

b) Repeat (a) for t =5 10™° seconds. Also sketch the current distribution 1(z) at
5 10™° seconds.

C) Sketch and dimension the load voltage V| (t) as afunction of time fromt = O until
the flip-flop switches state.

d) What is the asymptotic value of Vi (t) ast ® ¥?
e) Note that triggering is excessively delayed by thistransmission line. What isthe

minimum TEM line impedance that would solve this excess delay problem for the given
source and load?



