L%j/é’l. L mon 3
e L= S+ S0M0 - 385,
¢ j%%—\)%’\ e‘*;@( B0 i i
{/;:";\ %f\)\\;é(: ’(é?‘\ ‘Vﬁgﬂa :6"6 K/\g
SOW\\M ‘b@:) _'_‘(CS\
%ﬂ@v = D = qoomzo0 = F\+ M?\]\s
Z s = F00x boo = |y WR{s
The = TS0 lben = R MAY
= = |20 (Zp = 216 MRy

(2‘ +_%2'>1 Q> @\QS\V\ Q\é@ =09l
D > ks isd =0-9b

, ‘ —FRAD
%ﬂ\)@\\f\w : %‘\‘ O = Ji XO‘CH’*{—
\ -2 *Sono?
QEX'V\ Q\;ér’. % 1O ico 3 = 740'7"';
Rol sk 2 1S3 _ worm)

Cfeowé’fj %3 \D\O/AC\A . c)f\o ,

R F
, \B‘ = Y__—’/_‘S'bmv
K __%_N»f_&r,ﬂ/ = Q_(g_\ o ey (‘w(\\’w @&eqm Cq@r\mi)
Tomn 236 E@~qu\ e STvann 6&0&5“37

S 2
o 2a8 ddve, Qu=NTR 7 = oww
2.

2 -3
Q\ P\“QCE\, ; ?\éé: b 0‘\4’%‘25}*0‘@‘1? %Q’O\I'LyLO‘% *0'1%3 = 20\ "o W :ﬁ;
el R=2500 | ¢z = o PN = DN 3
) : ) : M LT \% i e,
(H) \QQA\((\’\\SQ‘: e 0 5 NOEU\] = \{“V—.Oq,&\;mé W\M
= 1-S6\N opincck -




_-—'7/ a=— DOwn

V
\v,,_\_j/Kw B
ﬂg? oC e k) i Gt

Bean a8S ax (;)qwf;,qg gy "o Vekoow :

V©

/ o'&/ O@Q\‘A
Ly 1A
+
ORI @
® b= wlf . B o P SHD

= d)l‘ ESHG > wa jL=012m

C‘
20040 & 200 < O\L ¢
— = U= B ol s
VS no 3 Y- % gersug! 7 < @/J

2L <oe P\odge Q\L-é,\)& M= Ns.e. Gf

S i o M&)

%\c\: 2T .
C/‘(\ar'Q Qj@ Qfé@ 09\/ 3\73&\\“@7\/ zex fa ?—GI;)NS"\\'S'HB”
a\ &( Sowt ‘*@%w\g) = Z}




. |aser pean
2@ "é\ = ///?:v D Wdenas S
i L e _‘-‘-El?wgg‘f’ S
S eriaean LN T e wpke Q\cx\i

W

5\063 .
: : — depst phdorense o sf;i?t@
Q\‘\c\(’s\\hﬁw\ﬁ e = \L AN \\ghe whe (D b remas
- dendy OMdresiss Ve \eor Qa‘v\@%
o &N QX@o;eA weas Cae Y echel C}(\@M\\Ca\\j
in b NS = \eoa aemns
A &\\QQO3\\W; LS D, AN e e ci\ﬁf(;q,j%é
\0\\5 . oMo erhanced Xy | O‘\QYG‘QS\;\? \S
) Ned ard Q\o&\mc\ Qf%vb LI O eNehes
Qa ems , \ese cua\f oS QEVC\AW\Y bwﬁ% \~
\MQ\( C&\Q\/:\CQ\\ QS-C}V\‘%\ C)C\CB%\)%\\\R %I b \'\A&‘QH\
Ao Born dopleg i S can dree fride
e ~6\%Q S \eopl N vicw) e e, 2§Hw\
O make shrudure o Yo S Wojer 25 \Dj
' Q‘vdmig NURIS %—c\ﬁgeo\ %mg@r/\\w @QQW\ e
b witor Qrofies it s dichiy ae wd &t
WIS %e\’%?@f\n% Qadvol s dgesiled o AL \Oj

\

E\\O\Rw@\”u\ N 5 \Yﬁ’ﬁ\\g o) %@\\*@N\a& "N\ (\\%&\\h ad
e el Q‘Tc\&\\y] SN\ 3\%{ , O\ o .cd\:@s qma‘\c,%
\vao\@é\ \% \/\@;&\ QWB&U‘\L Zq{@\e;\ B \se\*:aa_s:\ :

by - %%v = 107 3298 _ sy if

25 %o
(_/b L 2
(Cw Ee—— 2w = \é-)mafrs g_—. N Lb 8.: ()\3&




O'.\cé\. o < T
2 N < g conrent (3 Lo % anrcor s peah K3 adkude
x@ g g(.")\ o : (‘{77‘2—‘/‘\6‘3\/\/‘ . (m:|63w\
Qﬁi Wy M‘ \QV\S i 5 -

T = J
BT L 4~

ln=%
=

LR >
PSP g a8 Y, =
b Er_l = ‘8] cub, iry ikt < Sw
k= EXT 2 Es;= 1Sowuo Wz
=5 2 a9
R

5 5 'H(SL

t o) &S
‘, \K:- S’%% NW\ O-\xo

S i -
.N\:/AA = 2'%50,g0,2,€ﬂ0(e= 57228'7«(02\%
Qm‘z A lE = 0S990 P

ZX0d ™
y & e e P
@) 05 Sl 0SM e=W W = 37200 vuds
\ SO oLkl
=i .
2. W)= %6’2- bARY; f\k o é“”:%: Ve \,,\vv\ O\V\&P?
G > éé:o et O.qg F 2?’\&“’% W
f)E..é-——“ﬂ“M \/‘\_/L‘
’_"j_(f-ﬁl-m = 'hau® gS)C‘-——gE:}Z':\fng—
\J i 7‘!( 3
— N CNIE .

_ ’ do % RKZ
Coole B2, E2R0ATN = o Lo
S e e

NQ*Q’- &V 5 S\MQ\Q%&Q\;A R \(‘dw "\’ SY\O\*QA oéé\:,\\w\é \X)Qg\w" =€\,\(}\ framnenk
C(QQ\\%%* @ A @u\% ol > wurvor epgt (,omé \J\Q\Q aAYSuwma ENen
%qu,g oNeY NIV At (wco\x oeed kel péval @\d\q‘ﬁq‘:\/\\e\/@
e '\‘Cg/' S\ 6@\ g@@m\f(,\l\&\ Cou\é _4)'?\\\? ’\Xx({l\&\ b@m .Q'\_AE{‘W‘?:‘[
3?[‘&««‘0« ond  OveYed WiC o Q(b\\'\wx- seaive diode o Give
Yean Scan Qoé‘\\\ovx s cen W fén\ Padk S (onbr) the
AR \)Q\*Qa(cjsz ' e \W\QN\J“L \‘\Y\eank\y‘ og@h Qedvon db«f{:? Ozvcé

\\‘N\%ﬂ)‘v“i (C,YO\Y\Q\Q\& TQXOY\;"Q‘ 'mvvt f&‘\ﬁ%-c\ws Yanw? ;\( ?Sd

by %@Q\___g}wga | 0“%35&\ ¢ §mﬁj@¢;ﬁh&_§ém\@:@%ﬁx&k, Uﬂ(

=




\mM%\@f,é— | < =3
© M, P\\\\\r Lwme = 2 = bbF ns

() Max Q\(\G\“ comrenlt onge <= Ny

\’“QY\@{COJ\Q’— %\071,
‘W\\\f‘~ Q\ﬂfyo ~Cuthe 'f@«\&o\ = STna
’ 3 z S q/
[ =4 \
: . an gL i (\wé\ﬂ
L = ‘\_'___ - s Bl 5 ) CU\"T . \ T ' 4
o B A e %%,;7 e/ o T
CROHD 7 >\e\3
) ' | =& 292
U= Wk G eRE AT A NS
R~ . 1 s
o Mad, = % uo A 3RS

\ — Yo
M, = &'Bbv’\\o A»

BC\“EN‘\A\"&. S} = ,..\—-?&—Q
; 2x)
=159 &=

\@ = 399 \[\;z
NoSe Sovce VAW Vi, fgse Ndhope (a5)

egotve Wl \WETR) = 62
CR‘*OW\? | Cufrenke i Ho %39 x10° = 5519 }A\/
Ve
M. - g (Zhw;lv A\M\f Gl
DG = 32500 1100 =383 & W =S
- BN el ~ 00l g
\3(6/\1“6/ O\\‘)@foa’iwj) r&l)_ s veduee i R Qré\ WNOUNERSR 8}1\" ¢




CZAN( o %QWV@/M B
) g e w“l:‘be
V="

Kv J_/\B 2 %/; wal)

~_§ > S
Lowbalss ba: .
Sz Wees8 ASH = W TODE D st -+ M
~ R Y u_\zl LF(E2
o Wi D - éf by Seadov anghes
& 3 %
Gl e " —eqgim b
s Y= e
2 - _5'7_ ‘_7).7_
So, SN = G (kTG 1 (29+30) xT «(200T) (16%)
8 (Sons®)*

W= 2.5 W € ons Al %L&\Nz Z,Q%XAA,

@ ronees &f \ovﬁ \mw\e»%*h &é@w are \@C\DM&/” @‘\—Qﬂ“‘%ﬁ‘\?’

e sene ) o Dyedakie Mrelos Using o ckc‘a\eq} Souree,
BelomeTers volk. S \W«\mug\@; s é%\“w aded Qﬂ%\r\
o) m\g\aj\% A [ooe K\)\}\) ar R&B«\DX\Q VT Seadl) :
S %\m AMehee o\&\\w\k way Wordred  Sewe

v~ SOy S \)0\%54) &xﬁw\ S B GYU\\R e
g W Beevake okl d oo Vle od 250 Hw
\2 AW ed MY TR Dowe/ W) 9”\»& 62\3 e B2\
@ pev Qe OO Sy = 3 wN %‘x@m\ M\D\\‘Y\@Q/.

ea

oN

It is a pair of current mirrors connected together. T1 and T2 are matched transistors
which source equal current I to T3 and T4. T3 is arranged to have a collector area of a
fixed ratio larger than T4 such that its current density is lower (by a fagtor_ ofr).
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Examiner’s comments:

Q1 Ultrasonic testing and strain sensing

A popular and fairly straightforward question, well-answered by most candidates. Coupling coefficients
and signal amplitudes were generally well attempted, although taking account of beam spread was more
variable in standard. The final part on strain in a beam was also generally well attempted but the formula
employed did not always take into account the non-tilting constraint of the beam ends.

Q2 MEMs fabrication and device physics

A rather unpopular question. The fabrication processes were well described in most cases although the
estimate of resonant frequency and capacitance was less well answered. Deriving an accurate estimate
of the cantilever spring constant defeated many.

Q3 LIDAR scanner and pyrometer

This question was attempted by nearly all candidates and was answered very well overall. The pyrometer
section was quite straightforward although for the LIDAR, some candidates omitted the collection lens
area and worked out the signal amplitude for direct detection by the photodiode.

Q4 Hall effect and induction current sensing

This question was quite popular and generally well done. The operation of Hall effect devices was
understood by most and the calculation of flux density vs. current was correct in most cases. The effect
of the L/R time constant was not often considered in determining the measurement bandwidth and the
sensor inductance was sometimes also incorrectly calculated.



