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- [25 points] A capacitor C; is used to power a model airplane, represented in the circuit diagram
below by resistor R;. Initially the capacitor is charged to voltage V. Calculate the fraction r of

the initial energy remaining on the capacitor when the current 1; has decreased to half its initial
value.
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2. [25 points] In the circuit below C; represents a touch sensor. The comparator controls the posi-
tion of the switch as follows: Whenever V, reaches the value V,,¢, the switch is set to position
a. After V, drops to zero, the switch is set to position b. Touch is detected by measuring the
frequency f, at which the switch position changes.
Derive an analytical expression for f,. Assume that the operational amplifier is ideal.
Suggestion: sketch v,(t) and mark the knows and unknown in the graph.
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3. [25 points] The circuit below shows a simple model of a wired Ethernet connection. V; is the
signal source and R; represents its impedance. The cable is modelled by capacitor C; and R;
represents the receiver's input impedance. The capacitor Cy has been added to enable higher
frequency transmission at low error rates.

Derive an expression for C; as a function of Ry, R3, and C; for which Lﬁ,:%-} has a constant value

that is independent of frequency.
Note: This technique is used in many transceivers including 100 Mbit Ethernet.
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4. [25 points] An audio system suffers from high frequency interference. Design a circuit con-
sisting of a resistor R and capacitor C that passes low frequency signals {|M‘ = 1) and
=

Viljw)
attenuates high frequency signals [i%ﬁ—; s 1).
! s

(a) Draw a diagram of a circuit with these characteristics, consisting of R and C. Clearly mark
the input and output voltages V; and V, with plus and minus signs.
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(b) Derive a symbolic expression for the value of C as a function of R that results in 26dB

attenuation at a given frequency f,.
Hint: draw the Bode plot (piece-wise linear approximation of magnitude response) of the

circuit. Mark what is known and unknown in the graph.
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