ENGINEERING TRIPOS PART IB

Thursday 9 June 2011 2to 4

Paper 6
INFORMATION ENGINEERING

Answer not more than four questions.
Answer not more than two questions from each section.
All questions carry the same number of marks.

The approximate number of marks allocated to each part of a question is indicated
in the right margin.

Answers to questions in each section should be tied together and handed in
separately.

Attachments: Additional copy of Fig. 3.

STATIONERY REQUIREMENTS SPECIAL REQUIREMENTS
Single-sided script paper Engineering Data Book
CUED approved calculator allowed

You may not start to read the questions

printed on the subsequent pages of this

question paper until instructed that you
may do so by the Invigilator
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SECTION A

Answer not more than two questions from this section.

1 A particular coffee machine heats water in an aluminiuntebavith a heating coil
built into the boiler wall as shown in Fig. 1.

B, My

Qi

B

Fig. 1

Assume that, at any time, the boiler wall is at a uniform terapeef,(t) and that
the water is at a uniform temperatudg(t). The mass of the boilemy,, and of the water,
my, are both 0.5 kg. The rate of heat input is denaiedAssume that the rate of heat
loss,qo, is constant alo = 50 W.

The dynamics are given by

MyChBy = G —Go-+h(Bw— 6p)
MaCwBy = (6 — 6w)

where the specific heat capacitiggandcy are 900 JkglK 1 and 4200 Jkglk—1
respectively, and the heat transfer coefficiert 3 Js 1K 1.
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(@) A controller is added to control the water temperaturednying the rate of
heat inputg;, according to
G = k1(6q — Bw)
wherefy is the desired temperature.

(i) Draw a block diagram for the feedback system showing théeewand
boiler wall temperatures as outputs of separate blocks,fiadcthe closed
loop transfer function fronfy to 6. [7]

(i) If kqis chosen such that the closed loop damping ratig'ig2, what is
the steady-state error itC? [5]

(b) The controller of part (a) is now replaced by a controiterthe temperature
of the boiler wall

i = ko(64 — 6p).

Find the new closed loop transfer function fraig to 6,, and choosé, such that the
steady state error is half of that in part (a)(ii)). What areltdwations of the poles of the
closed loop transfer function for the chosen valué&4f [5]

(c) Describe the response of the water temperature to a lségmge in demanded
temperature for each design and comment on the advantadeisadlvantages of each.  [3]
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2 (@) How can 8odediagramfor a linear system be constructed from experimental
measurements? [3]

(b) The Bode diagram of an asymptotically stable linear sys¢s) is shown in
Fig. 3. Itis known that(s) is of the form:

A(s+a)
G(s) = .
(©) (2 +Bs+y)
() Estimate values for the parametésa, 3, y andn. [6]

(i) The systemG(s) is now used with closed-loop feedback as shown
in Fig. 2. Estimate the phase margin and comment on closmuld4gstem
stability whenK(s) = 1. [2]

(c) The system of part (b) is changed such that

s+2
K pu—
(s) 6(s+B)
Find a value oB so thatK(jw)G(jw)| ~ 1 whenw = 4. [3]

(d) For the value ofK(s) found in part (c), draw the bode diagram of
K(jw)G(jw) on the additional copy of Fig. 3. Estimate the phase margthisfrevised
system. Comment on the expected change in performance ofstensby adding this
compensator. [6]

Fig. 2
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Note: an additional copy of Fig. 3isattached at the end of thispaper. Thisshould be
annotated with your constructions and handed in with your answer to thisquestion.
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3 (@) What is the Nyquist stability criterion as it applies bhe tfeedback system
shown in Fig. 4 wher& is a constant gain an@(s) is an asymptotically stable linear
system? [4]

(b) For the feedback system shown in Fig. 4

e—ST
G(s) = .
8 =571
(i)  Find the minimum value oK such thatKG(jw)| > 1 for all w < 2. [4]

(i)  Forthe value oK found in (b)(i), sketch the Nyquist diagrams foe= 0

andt = 0.5. What is the maximum value af, 7., for which the system
remains stable? [6]
(i) For the caser = 14t andK set such that the gain margin is equal to 2,
find the corresponding phase margin. For what frequencig®isagnitude

of the steady-state gain fromto y equal to unity? [6]

Fig. 4
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SECTION B

Answer not more than two questions from this section.

4 (@) Show that the following functions form a valid Fourigartsform pair:

X(t)

inQt 1, |w<Q
_snax X(w){ w

0, Otherwise

whereQ is a known constant. [5]

(b) Hence show that the following convolution result applie two functions of
the form ofx(t) in part (a):

sinQqt . sinQpt  sinQat
mt ot
whereQ3 should be determined and expressed as a function of theacds@f andQ,.  [5]

(c) Afilter with frequency respongd(w) is defined as follows:

—-j, w>0
Hw)=<0, w=0
I w<0

(note that this frequency respons@isely imaginary except atw = 0).

Suppose that a signal as in part (&) = S",‘Ttm, is input to this filter. Show that
the output of the filter will be [6]
~ 1-cogQt)

y(t) o=

(d) The signay(t) from part (c) is now reapplied as the input to an identicafilt
H(w). Determine the output of this second filter. Comment on theltre$ applying the
filter H(w) twice to a general input signal. [4]

pcw05 (TURN OVER



8

5 (@) The lengthN Discrete Fourier Transform (DFT) is defined as follows, for a
digitally sampled signatn:
N-1

Xm = Z Xnexp(— jnm277/N)
n=0

Explain how the Discrete Fourier Transform is derived, tsigrwith the Fourier
transform of a continuous-time signal that has been sanwatld train of delta functions

having sampling period. To which frequency does the componemtorrespond in the
above DFT? [5]

(b) Show that, for real-valued daxa,
XN-p=Xp

wherex denotes the complex conjugate operation. [2]

(c) In a physical experiment it is desired to detect the preseof sinusoidal
signals by first digitising and then applying a DFT of lendtk= 4 samples.

(i) If the maximum frequency of the sinusoids is 10Hz, suggesth
justification, an appropriate sampling frequency for thgitdiation, taking
account of the properties of a practical anti-aliasingffilte [2]

(i) Determine the required resolution, in bits, for the A¢bnverter (ADC),
if the average signal-to-noise ratio at its output must bdeast 30dB,
assuming that the sinusoids always cover the entire rantpe&DC. [4]

(i) The digitised signals are now of the form
Xn = sin(wnT),

with T = 0.01s. Determine th&l = 4 DFT for the two cases = 50 and
w = 2511, and comment on these results. [7]
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6 (a) Describe the principal methods for multiple channeteas in wireless
communications, outlining the differences between them. 5] [

(b) A binary data stream of raf® = 100kbit/s is to be transmitted in a wireless
channel at a carrier frequency ffusing ASK. Rectangular pulses are used which fill the
entire bit period and the binary data is transmitted as 85V and 1— +5V.

Determine and sketch the power spectrum of the transmitigials clearly
identifying the positions of any nulls, central lobes ardesliobes. [6]

(c) FDMA s used to multipleX users in a channel of bandwidi The channel
noise is additive, white and Gaussian. Write down an expager the channel capacity
per user, assuming that the total transmitted powerasd that the noise power spectral
density inNg. Sketch the capacity per user as a functioBof [4]

(d) Suppose FDMA is used to transmit a number of ASK users hviaie
modulated as in part (b), in a channel that extends from 100kF200MHz.

(i) Determine the maximum number of users that may be accarated

in this channel, assuming that the spectrum of the ASK sidoe$ not cause
interference beyond the first side-lobe of each individwgaris transmitted
spectrum. [3]

(i) Repeatthe calculation if a guard band is introduced lketwsers. The
guard band is equal to the spacing between the nulls in e&els spectrum.  [2]

END OF PAPER
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Candidate Number: xs
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Copy of Fig. 3. This should be annotated with your constructions and handed in
with your answer to question 2.
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