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Thisexamhasfive(5) questionson four (4) pages.Themarksfor eachquestionareasindicated.There
area total of forty-three(43) marks.Answerall questions.Write youranswersin theexambookprovided.
Show your work. You may answerthe questionsin any order. Books,notesandcalculatorsareallowed.
Youmaykeepthisexampaper.

Question 1 (6 marks)

Whatis printedby thefollowing C program?

#include <stdio.h>
#define N 5

int even(int i)
{

return ( i & 1 ) == 0 ;
}

int next(int i)
{

return i + 1 ;
}

void main(void)
{

int i, c ;
char x[N] ={ ’a’, ’b’, ’c’, ’d’, ’e’ } ; /* values of x[0], x[1], ... */
for ( i=0 ; i<N ; i++ ) {

if ( even(i) ) {
c = next( x[i] ) ;
printf ( "%d\n", c ) ;

}
}

}

Hints: Figure out the values taken on by i . The ASCII value for a is 97 (decimal). The ASCII
values for letters are assigned in ascending alphabetical order (e.g. b is 98, c is 99, etc).
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Question 2 (7 marks)

Write a C function declaredas int oesum(int a[], int n, int doeven) . The argu-
menta is an integer arrayandn is the numberof elementsin the array. If the argument
doeven is non-zero,your functionshouldreturnthesumof theeven-valuednumbersin the
array, otherwiseyour functionshouldreturnthesumof theodd-valuednumbersin thearray.
Write only thefunctionoesum() , notacompleteprogram.

For example,if a containedthevalues{2, 1, 3} , thenoesum(a,3,2) would return2 and
oesum(a,3,0) would return4.

Hint: Make sure any logical expressions do what you expect.

Question 3 (12marks)

This questionasksyou to designa controllerthatgeneratesanoutputpulsewhena fish is
detectedswimmingin the desireddirectiondown a stream. Your controllerhastwo fish-
detectorinputs:A andB andoneindicatoroutput:C asshown below:

A B

fish
detectors

water

  desired
direction of
   motion

controller C

Thefishdetectoroutputsare0 (nofishdetected)and1 (fishdetected).Thecontrolleroutput
is initially setto0whilewaitingfor afish. Tomakesureyouonlydetectfishswimmingin the
desireddirection,yourcontrollermustwait until A is 1 andB is 0 followedby thesituation
whenA andB areboth 1. Whenthis sequenceof input conditionsoccursthe outputC is
turnedto 1. C remainssetto 1 until A turnsto 0 again.Thecontrollerthenresumeswaiting
for afish.

Fishswimmingthewrongway (from B to A) or thatonly manageto turn A to 1 andthen
exit backwardsshouldnot generateanoutputpulse.Fishthataresofastthatthey only turn
A to 1 andthenonly B to 1 shouldalsonot generateanoutput. However, oncea fish has
turnedon only A andthenbothA andB you mayassumeit will continueswimmingin the
desireddirection.

Designa statemachinefor the controller. List the inputsandoutputs.Choosea sufficient
numberof statesandgive a nameto eachstate. Write a tablegiving the output for each
state. Draw a statetransitiondiagramshowing the statesand the logical conditionsthat
causetransitionsbetweenthem.Write outa tabulardescriptionof thestatemachinewith the
following columns:startingstate,input,next state.

Youmayusean”X” to indicatethataninput hasnoeffect.

Hint: My solution has 3 states.
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Question 4 (4 marks)

A 3-inputevenparity generatoris a combinationalcircuit with threeinputsandoneoutput.
Theoutputis high(1) if theinputcontainsanevennumberof ’1’sasshown in thefollowing
truth table:

inputs output
A B C P
0 0 0 1
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 0

Derive thebooleanlogic equationfor theoutput. Draw a schematicdiagramfor theparity
generatorusingAND, OR andNOT gates.Youneednotsimplify yoursolution.

Question 5 (14marks)

(a) For eachtypeof electricmotorin column“A” selectthebestmatchingentryin column
“B”. Write your answersin numericalorderand show the numberand the selected
letterunambiguously.

A B
1 stepper A fixedspeed
2 servo B A.C. powered
3 induction C usesfeedback
4 synchronous D all-digital control

(b) For eachtypeof A/D converterin column“A” selectthebestmatchingentryin column
“B”. Write your answersin numericalorderand show the numberand the selected
letterunambiguously.

A B
1 flash A inexpensive
2 successiveapproximation B slow
3 dual-slope C fast
4 voltage-frequency D N stepsfor N bits
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(c) Whatis thevalueof thefollowing ’C’ expression?Giveyouranswerin hexadecimaland
show yourwork.

(21 ˆ 0x31) >> 1

(d) A microprocessorhasa built-in 8-bit A/D converterthat convertsan input between0
and5 volts to avaluebetween0 and255.Whatis theA/D converter’s resolution?

(e) A MOSFETpower transistorwith a maximumRDSon of 25 mΩ is usedto switch a
currentof 20A. Themanufacturerspecifiesamaximumjunctiontemperatureof 200C
anda junction-to-heatsinkthermalresistanceof 4 degrees/W. Thedevicemustoperate
up to anambienttemperatureof 80 C. How shouldyou specifythe heatsink? Show
yourwork.
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