
MAE140 Linear Circuits Summer 1 2006
Final. Wednesday August 2 in class, 170 minutes

Instructions

This exam is open book. You may use whatever written material s you choose including your
class notes and the textbook. You may use whatever calculato r you desire, provided it has no
messaging communications capability, including infrared , radio and other wireless technol-
ogy. You may not use a computer.

You should attempt to answer all question parts. They are equ ally valued. You have 170
minutes.

Please mark your papers with your name, surname �rst, and stu dent number.

HINTS:
- Read the questions very carefully. Answer the questions as ked and do not second guess
some presumed meaning. Generally, take my hints.
- If I instruct you to use a particular method then do so. Thus, if I say use nodal analysis then
use nodal analysis and do not use mesh analysis, unless you ha ve a very compelling insight.
- Marks are awarded for methods, concepts and expression of i deas. Do not devote too much
time to complicated algebraic manipulations.
- NOTE: Because I give you the answers, you will need to show the worki ng in some detail in
order to gain marks.

NOTE: Use the notation from the circuit diagrams as given in t his exam. Do not re-
invent the notation. If you need to use more symbols, then ide ntify them on a diagram
in your work book. This is particularly important with volta ge and current signs.
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Question 1: Transient Analysis in Circuits

Consider the circuit shown above with constant voltage sour ce vA . The switch is closed for a
very long time and then is opened at time t = 0 . [Note: the switch is opened at t = 0 NOT
closed.]

Part i: [5 marks]
Show that the steady-state values of the capacitor voltage, vC , and inductor current, i L , im-
mediately before the switch is opened are

vC (0) = vA ; and i L (0) =
VA

R
:

Explain your statements carefully.

Part ii: [4 marks]
Redraw the circuit for time t > 0 in the s-domain including the initial condition voltage sources.
[See Thomas & Rosa 5th Ed. p. 449 and 4th Ed. p. 453 for the appro priate voltage sources
and their orientations.]

Part iii: [7 marks]
Using s-domain circuit analysis, show that

I L (s) =
s + R

L

s2 + sR
L + 1

LC

vA

R
:

Part (iv): [4 marks]
Using the speci�c element values C = 100� F, L = 5 mH, R = 15
 , vA = 5 V, show that

i L (t) =
2
3

e� 1000t �
1
3

e� 2000t ; for t � 0:

Also show that this coincides with the initial condition ide nti�ed in Part (i).

Part v: [Bonus: 5 marks]
Evaluate the power dissipated in the resistor R and use this to calculate the total energy
dissipated by the circuit over time t � 0. Show that this equals the initial energy stored in the
capacitor and in the inductor.
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Question 2: Analysis with Dependent Sources

The circuit in the �gure above is a small-signal model of a bip olar junction transistor in a
particular con�guration known as common emitter . The capacitance C becomes apparent at
high frequencies and is due to the semiconductor junction. T he quantity gm is the transcon-
ductance gain of the transistor. Resistor Ri represents the input impedance, Ro the output
impedance, and RL the load impedance.

Part (i): [7 marks]
Ignoring for the moment the arced current arrows on the diagr am, use s-domain nodal circuit
analysis to show that

Vo(s) =
s � gm

C

s + G
C

Vi (s);

where the conductance G = 1
R o

+ 1
R L

:

Part (ii): [6 marks]
Interpret the low-frequency and high-frequency behavior o f the transistor in simple terms by
considering the voltage transfer function properties at li miting frequencies close to zero and
very large (`close' to in�nite).

Part (iii): [7 marks]
Now use the mesh currents i 1 through i 4 to write down a set of three linear equations in the
s-domain between the four mesh currents. The driving mesh cur rent i 1 is determined by the
source connected, and so we can solve for the other three in te rms of i 1. [Do not solve this
yourself.]

Part (iv): [Bonus: 5 marks]
Solve the mesh equations from the previous part for the curre nt gain transfer function from
i 1 to i 4.
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Question 3: Analysis of a Resistive OpAmp Circuit

Part (i) [10 marks]
Show that this circuit realizes the input-output relations hip

vout = � K (K + 2) vin :

Part (ii): [10 marks]
This is a practical circuit designed for sound systems to pro duce

vout = 2 Kv in :

By solving for the voltages va and vb in the circuit, show that Ra = K � 1
2 R suf�ces for the

desired gain.
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Question 4: Circuit Design

Our aim is to design a circuit capable of removing a signal at 6 0Hz from a measurement.
This will be a band-stop �lter, whose frequency response wil l exhibit very deep ”nulls” in its
magnitude Bode plot.

Part (i) [10 marks]
This �gure shows an LC or ”tank” circuit.

Show that the impedance of this circuit is

Z (s) =
1
C s

s2 + 1
LC

;

and hence show that it has a zero at s = 0 and poles at s = j 1p
LC

; � j 1p
LC

:

Evaluate the frequency response of this tank circuit at 0 rad ians/sec and at 1=
p

LC radians
per second. Comment on how these pole-zero positions interf ere with using this tank circuit
directly as Z1(s) or Z2(s) in either an inverting or non-inverting ampli�er circuit, b ecause of
their effect on the resulting frequency response.

Show that using this tank circuit as part of a voltage divider in series with a resistor, as shown
below, will yield a divider with a voltage transfer function with zeros at s = j 1p

LC
; � j 1p

LC
and

poles with negative real part.

Part (ii): [10 marks]
Choose suitable, realistic values of C and L for the zeros of the transfer function to remove
the frequency components at 60Hz.

Incorporate this voltage divider into a circuit which could be interfaced to a wide range of input
sources and output devices without concern for the continue d frequency-selective behavior.

Modify this latter circuit to include some low-pass �lterin g above 10KHz.
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