Ph.D. Preliminary Examination Fall 2007 Solutions

‘Problem 1 (Core: CompE-ECE2030) Code Number:
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Problem 2 (Core: CompE-ECE2030)  Code Number:

For each part below, determine the behavior and write as a Boolean expression.

OUTw= - ‘ AXORBXORC
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D’)—c{)—_ QUTX
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OUTx = T A(B+C)

OUTy = _  B+C+D+E+F

___T » Outz

QUT; = _ (4+B)yD+C-E




Prbblem3 (Core: CompE-ECE3055)  Code Number:

Please fill hex for data signals and binary for centrel signals and *x” for don’t care.

Input to the “PC” in the IF stage “Read Dafa 17 in the ID stage
_ DRdFDIgARBS 4 Bx8
Output of the MUX3 in the EX stage “Read Data 27 in the ID stage
_Gx8 _ ax2DICIRIA
“PCSre” in the IF stage - EX[3:1] (3 bits) in the EX stage
_wi_ e
OpMux1{1:0] in the EX stage : OpMuxZ[l :0] in the EX stage
_ b'ED . ' 501

" M[2:0] in the MEM siage “WB[1:0] inn the WB stage
_ wixx _ [0




Problem 4 (Core: CompE-ECE3060)  Code Number:

(@} (2 pt) implement fusing only one CMOS complex gate and some number of inverters. Give

a fransistor schematic and a pate schematic for this implementation. “Your solution should
minimize the total number of inverters used.

[ B -]

(b) (2 pt) Consider an alternate implementation using only two-input NAND gates and inverters.
Draw a gate level schematic for this cirenit.




(C} (4 pts) Derive delay expressions for both implementations above, assuming that i) they are
sized to minimize delay, ii} all gates are designed to equalize rise and fall time in the worst
case, and it} the input load (on every input) is Cjw. Delay should be expressed in units of

7= RC where  is the delay of & minimum size inverter driving a minimum size inverter.

Also, the effect of parasitic delay should be accounted for.

The delay in part (a) is given by D, = (2C, + 4)7, since the logical effort of the AOIZ2 is 2.

the electrical effort in the given circuit is (. and the parasitic delay is 4.

b [

1
The delay in part (b is given by D, = (37 + 5)r where f=F3 = (GBH)? = L— C,

Note that the parasitic delay for this implementation is 57, and the path logical effort is

4Y
G"[a)

(d) (2 pts) Qualitatively describe the conditions at which you would prefer one implementation
over the other (with regard to delay).

Implementation (a) will be faster when the ideal number of stages;' is closer to one, i.e ap-
proxinmately when D, (5.8 + 4)r. As we increase C1, at some point implementation (b)
‘will become faster. The crossover peint could be identified by setfing D, = D, and solving

for C1. For all larger values of Cy, implementation (b) will be faster,




Problem 5 (Core: E&M-ECE3025)
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Problem 6 (Core E&M-ECE3065) Code Number:
An attenuator can be made using a section of & rectangular waveguide operatmg below
© cut-off, as shown below. If =2.286 cm and the operating frequency is 12 GHz,
determine the required length of the below cut-off section of the rectangular waveguide

to achieve an attenuation of 80 dB between the input and output guides. Ignore the effect
of reflections at the step discontinuities,

Prapagsting b"\.——g‘ lﬂnr"'-
wave Evanescent Pmpmims
° WAYCS

T the sechon of- g wide with w;oQ-H) ot7/2_
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Problem 7 (Core: EDA-ECE2040) Code Number:
Solution: |

‘Label the mesh currents.

- Express ix in terms of the mesh currents:

i, =i

Express 4i, in terms of the mesh
currents:

4i =1,

Express the current source current in terms of the mesh currents to get:
05=i-i, = i,=i —05
Apply KVL to supermesh corresponding to the current source to get

iy +20(i) — 4y )+10(i, — iy )+ 251, =0

Substituting gives

sz'x+20(—3fx)+;0_(fx—0.5—4ix)+25(z'x—0.5)=0 = i:—%;—o.zmm

x

SQ the mesh currents are .
| i=i_=-029167 A

i, =i, —0.5=-0.79167 A
i=4i =-11667 A

il




Problem 8 (Core: EDA-ECE3050) ~ Code Number:

W, *‘g %’ %ﬁ* )

¢} Give an expression for the dominant pole frequency of the circuit (f.e.. the lowest high-

Chiner: P = 120 {1+ goRar 12} CalrnafiRet]irac2)

- d) Give an expression for the 2™ dominant pole (i.e, the next higher frequency pole) using ¢, for.
Sanls s Tes2e Ry Ran, G, andior Gp (2.5 pts)

2

A, shorts: py = g2




Problem 9 (Core: Power-ECE3070) Code Number:
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Problem 10 (Core: Power-ECE3070). Code Number:

'(a) The output frequency of a synchronous generator is proportional to the speed Fora4
pole 60 Hz machine, the speed is 1800 rpm.

(b) The mechanical speed is 188.5 rad/sec. With no losses the input shaft power is (2.5 x

0.8)MW
Thus torque is ( 2500 x 0.80)/188. 5 = 10.6 k Nm

(c) Phasor diagram.;

j1aXs

//r

Vi

V/

Per phase termma] voltage V= (6.6 x 1000)/1.732 = 3811 volts
Armature current per phase I, = (2500 x 1000)/ (1.736 x 6600) = 218.7 A

<

E af = 3811 +3218.7(0.8 +j0.6)(10) = 3050 at an angle of 35 degrees So the magnitude
of th1s vo]tage 18 3050 volts.

{d) The new value of the terminal voltage will be 3050 volts per phase.

11




Problem 11 (Core: Microsystems-ECE3040) Code Number:
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Problem 12 (Core: Microsystems-ECE3080) Code Number:
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Problem 13 (Core: DSP-ECE2025) Code Number:

Consider the following system for continuous-time and discrete-lime processing of a signal:

2O S L e |0 e Lo
Converter H(z) or H{e/®) Converter
| . e b b
En adl parts, the Fourier teansform of the input X( jw) is
' 1 X (o)
1
—30x 0w "o (rad/s)
' { jeo)
() If H{eJ@) = 1, and the Fowier transform of the output is ¥ jew): 4
—207 - Sor @ {radss)

If f5; = 48 Hz, then determine the rate of the D-to-C coaverter, fi,, as well as 4. Note: Fa 7 o

ANSWER: Since f5, = 48Hz is greater than twice the highest i‘mqueﬁcy in X{jw}, i.e., greater
than 2 x 15 = 30 Hz, there s no aliasing. Thus, it is sufficient 1o Ggure out how the input freqiency
corponent at w = 30 rad/s becomes the output frequency component at w = 20 radss.

The C-to-D vonverter takes @ == 30x radls and gives a frequency of & = 30/ f;, = 307748 = 55/8
for x{n], which is also the same for yIn] because H (¢/®) = 1.

Thus, the output frequency will be @ = B f,, = 20m = (5n/8) fy,, and solving for the rate of the

D-to-C converler, we oblain] £y, = 32Hz|

There are several ways to find A, 5o here is one: we observe that in the tine-domain x () mustequal
¥(0}. Since the r = 0 value in the time-domain is the area of the Fourier transform divided by 27, we
get-

E~l

- 1 7. I
x{0)=r(0) = _fX(jw)dw: —f}"{jw)dw
27 2w
= 1307 — (=301)) = A(20% — (=207)) = 60 = A(407) =

{(by In this part, assume that H{z) = z— and Jsy = fsa = 33 Hy: then deteemine a closed-form mathe-
ntatical expression for the output time signal, y().

ANSWER: Since f5; = 33 Hz is greater than twice the highest frequency in X{jw), i e., greater than
30 Hz, there is no aliasing. If H{/®) were equal to one, then v(t) = x(r). BUT when H{z) =
772, the discrete-time LTI system is a delay of 3 smmples, ie., p[n] = x[n — 3]. At a sampling
rate of 33 Hz, 3 samples cormesponds to a time delay of 3/33 = 1/11.secs. Thus we conclude that
vty = x{r — L/11}. Taking the inverse Fourier transform of X (jw), which is a rectangle, gives a
“stixe function.”

o sin(3077) i e vte 1y S0 — 171
)= —— »({) = x(t ‘f”)-‘—‘—“"”x(:_l,fn)

15




(¢) In this part, assume that the diserete-time LTI system, H{e/ @y, is a highpass mter {given below) and
that the output Fourier transform ¥ ( few) is given by the fornula below,

0 |w| < 207
Yljw)y= 31 20z < |w| < 30x
' 0 |w|> 30=

Q0 @< o

H(e/®)y =4 """= "
} @ <@ =x

If fzy = fs, = 30 Hz, then determine the cutofl frequency of the highpass filter, @

ANSWER: Since fs, = 50 Hz is greater than twice the highest frequency in X (jw), i.e., greater than
30 Hz, there is no aliasing. Therefore. we can nse the concept of an e_ffu,mc’_frtrer to state that the
effective freguency response from x(2) w y{r) is:

Henr( ju) = H(‘”’W) G=wify H(eﬁ"’{m}
T \l

In other words, the relationship between the effective analog cutoff frequency and ihu cujoff frequenny
of the digital filter 15
= /30 = @=500

which means that the effective filrer has a passband from @ = 50@, 0 @ = 30(7), because the
highpass digital filter bas its passhand from @ = & to & = =,

In order 1o obtain the desired cutput Fourier iransform which extends from 20 10 30z rad/s. we need
the lower cutof! frequency of the passband to be al @ = 20x, s0 we solve

50, = 20w =

The upper frequency of 305 in X'(jw) lies in the passband of the effecti ve fitter, so the upper frequency
in ¥( fw) will also be 30 rad/s.

16




Problem 14 (Core: DSP-ECE3075)

Code Number:
B felxi=expl-Aizl} ~w<xew
[ exp{-A4ixitdv= 2f exp{mfa}dx_7= therefore, =2
- A
Lyt yel® ¥EO & [1ox20 e expl2x) —to<x
brLx »= ~-x, x<0 dv  |-1 x<0 L@ =ewiixl} —wcx<e

Fryi=(10exp{=23} +({—1fexp{-23} = 2exp{-2¥} OLy<w

e} [I? x=Q
= 3 Hg
——(X 21X o }_% veg ¢ w20
L2
(= u(w)[3exp{—6uw] + exp{-2w}] where ufe)is the step function
5 P P
i .,
- 0
X Xz
9 zegetd
i E x <0

expi=2| x[}, —on < ¥ <0, 15 symmetric with respect to 0, PréZ:i. = Prfz
Z= E{Z}~——x05+§x0§ 0

2 L
1 {1y
Topzy =) xos4i -t 0.5=—
@3 ‘szx H5) 203
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Problem 15 (Core. S&C- ECE3085) Code Number:

Solution

a. Define GHy(s) = GH{s}{j_,. The Nyquist plots of GH(s} anid GHy(s) are of the form

Towgds)

~. 1
\\//?\ b Rty
T I

/
— _M//
b, Since
' ; o jw 4l
GH)(jw] = — . .
1) wliju 4 10) (e 4+ 20)
_ Ju 1
w200 — w?) 5 730u9
Jur+1 W (00— w?y — 307

U WHI0 - 7 + A0S WB200 - wh — 8l
w200 - ) 5 et + B 200 — wF) - 307
w200 — «2)2 + 9006

the Nyquist plot of (H) (s} crosses the negative real axis for s = §+/170, and

170(30} + 30{170%)
T ITO2(302) + 90D{170°%)
1+ 170
T TO(30) + 30(1707
1+ 170
T L0 + 170)
1
TRION

GHy{(jvIT

The closed-loop systemm will be’ stable if and only If the Nyquist plot of GH{ 5} does not pass throngh
or 011( ircle the polnt s = —F, which will be tlw cage pm\u!rd that s = _T(‘ lies between —nc and

m— Lo if O < K < 5100, If instend s = —4 Hes hetween "W and 0. Le if 5100 « K < 2¢, then
Nvepiist ])]()L will encirele the critical pnmr twice, so there will he 2 RHP poles and 2 LHP poles.
il 5 = K fies between 0 and +2¢, Le if —oo < K < 0, then the Nyguist plot will encirele the

eritical point once, so there will be 1 RHP pole and 3 LHP polea

An alternative to the above solution is to apply a Ronth rest to the characteristic polvnomial
st 4 80s% 4 20057 + Ks 4+ I

which: also shows that the closed-loop system is stable if and only if 0« K < 5100

Problem 16 (Core: S&C-ECE3085) Code Number;

18




Step 1: _
Open loop Transfer Function:
ko - K61
555 +.3.6)
zeros: s=-1
poles: 5 =-3.6 8, =0 (double pole)

Step 2:
Asymptote Cenfroid ‘
_2poles—Fzeros 0-3.6)-(-1) -2.6
o n—m 3-1 2
= asympfotes infersect at =1.3

=—-1.3

Step 3:
Asympiote Angles
o = (2q+ D180

a
-

iz

Imaginary Axis

- -10 -8 -6 -4 -2 0 2 4 & 8 10
Real Axis ’

19




Using Magnitude Criterion

o L 528, +3.6)| |-0.75+ j1.7 285+ j1.7]
P I T L , = PR
GH| | (5 +D | 25+ j1.7]
_|L858[3.318] 11.454 67
1.718 1.718

20




Problem 17 (Specialized: Comp Science-CS3210) Code Number:

Mutual Exclusion. Assume that we have an multi-threaded application vsing the Unix/Linux ptireads
library, and that we have created 10 threads using pthread.create. Further assume that the system we
are running on las onfy one CPU. Part of our application requires exclusive access to a particular settion
of code called the Critical Section. Exclusive access means that only one thread can execute in the critical
section at any point in time. We decide to implement this exclusive access using a global Locked flag, as

follows:
1 // Define the glcbhal locked flag. 0 means unlocked, 1 means locked
2 int Logked = 0; '
3 .
4 f/ The cods for the critical mection.
3 veld Criticalgection{)
5 |
7 // Wait until any othar thread having the lock releases it
8 while (Locked == 1}
9 { )
1a // Do nething here, or perhaps sleep for a swall amount of time
11 1 '
12 . ‘
13 // ¥o other thread in the critioal sectien, sst the locked flag
i4 Locked = 1; '
15 ' : .
16 // Wow the code for the actual critical zsection
17 [/ Ommited here
18 )
19 // We are now done with the ecrikical ssction, unlock the flag
20 Lockad = 0;
n oy

Program gql-code.cc

At first glance, the lockmg mechanism above seems reasonable and correct, but when we test our program
1 fails mysteriousty and at apparently random times.

1.

fu)

Explam clearly what the problem is m the code snippet above. Refer to the lines of code by line
mumber as needed.

Ansiver. The code will fail if a thread gets inferrupted after the while loop at line 8 exits, but before
the lock flag is set at line 14. A second thread could enter the critical section, see the lock fiag is not
set, and assume it can enter the critical section. While the second thread is in the critical section. fhat
thread is pre-empted and the first thread re-schedules. It has already checked the locked flag, and thus
enters the critical section.

- Explain what could be done to fix the problem, without a complete re-write of the code. If you need

to make assumptions sbout the CPU mstruction sef, state what assumption you made.

Answer. The best solution 1s to use an atomic rest—and-set instruction (if such is supported by the
CPU architecture). This will return the value of a flag, and set the flag in a single, non-—mtemlptable

- operation. The while leop at line 8 becomes:

"while{TestAndSet (&Locked) == 1) // do nothing

And hne 14 15 no longer neaded. If an atomic fest—and-set insiruction is not available on the CPU,
then a more complex solunon such as Lamportt’s Bakery algorithm, 15 needed.

21




Problem 18 (Specialized: Software Sys- ECE3035) Code Number:

Prelim Problem Solutions ' Computing Meehanisms

Below is a snapshol of heap storage in byte addressed memory. Values that are pointers are denoted with
a”§7. The heap pointer is $6128. The heap has been allocated contiguonsly beginning at $6000, with no
gaps between objects. Objects are werd-aligned. Each allocated object has a header word containing the
size of the object in bytes. The address of the object points to the word just after the header (i.e. the firse
word allocated for the object’s data). For example, the object peinted to by $6004 has size 16 bytes, so

the next allocated object in the heap is of size 8 bytes and is pointed 6 by 56024,
ad addr | value | addr | value | addr | value
6000 6064 12 | 6128 0
6068 56092 | 6132 0
6072 16 [. 6136 0
15 6| 6140 0
6112 12| 6144 0
6lle 0] 6148 (
6120 01 6152 0
6124 4§ 6156 0

Part A Suppose the stack holds 2 local variable whose value is the memory addfess $6036. Mo registers
or static variables currently hold heap memory addresses. List the addresses of all objects in the heap that
ate no¥ garbage. .

Addresses of Non-Garbage Objects: _$6036, $6092, 56004, 56100, $6080

Non-garlage objects are colar-ceded above (green indicates an object header containing size info in
bytes and biue indicates the space allocated for the object’s data). The address of each ohject is the
address of the first word of data allocated for the object. Non-garbage abjects are those reachable
from the voot address $6036. ‘

Part B Create a free hist by scanning the memory for garbage, starting at address $6000 and pushing each
-reclaimed object on the front of the free list. List the addresses of the objects (in order) on the free list at
the end of the scan. ‘

Free List: 56116, 36068, $6052, 56014

Part C Based on the free [ist created in part B, If an object of size 7 bytes is allocated, what address will
be refumed as-a pointer to the newly allocated object using a first-fit allocation sirategy?

Address: 36116

Part D Based on the free list created in part B, if an object of size 13 bytes is allocated, what address will
be refurned using a bess-fir allocation strategy?

Address: - %6132

None of the objects un the free list {i.e., those that are garbage) ave large enough to hold 13 bytes.
So the new object is allocated af the fop of the heap. Its size info goesin $6128 and $6132 is the
pointer returned fo the newly allocated object.

Part E If the local variable whose value is the address $6036 is popped from the stack, which addresses
fisted in Part A will be reclaimed by each of the following stratesies? If none, write “none.”

Reference Counting: 56036 (the rest are involved in cyclic references)

Mark and Sweep: $6036, 56092, $6004, S6100, S6080

22




Problem 19 (Specialized: Telecom-ECE3076) Code Number:
Solution:

in order for CSMA/CD to always provide better performance than CSMA. it needs to alwavs detect &
collision before the corresponding transinission is complete.

The fime taken for transmisting a frame T, is given by:

T — seconds

The thne taken for the worst case delay before a stution will realize that fhere is 4 collision s two Himes the
propagation delay belween the stalions separated by (he largest distance, which is:

C

e secopds

Thus, for CSMACE to always provide better performance than CSMA,

23




Problem 20 (Specialized: Optics-ECE4500) Code Numbe,r:
Fraunhofer ﬁiﬁ'mction by Twao Slits

With J = 4g, the transmitiance is

"

‘ 1 3 < o] < B
faloy = '

0 elsewhere

Salution No. 1
F = fa(=) + Jolx) for the two shits taken indivicdually

The Fourler transforims are obtained using ¢ — &z, « — ke, and v — o and where

Fop = LT sindl.

Foljkea) = Foljhea) + Fylikza)

Using

FUkza) = Flflsz —d)] = F(jk,a)e =4
then

Fuljhpa) = Flale —2a)] = Fi(jk, ) o2

Foljheal = F{file +2a)] = Fi(jk; e) eTih-a

il

therefore
Falfkpal = Fy{jk, a) [etihao 4 o=i2kaa)
Eyljhea) = 2F (ks o) cos (k)

sin{E5e)

Fg = 2n —E"E“LE")"“ C()-S(Q'ICI(L)
2}

Sohution No. 2
Altarnatively
Fofw) = far — fa

with
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The Fourier transforms are obtained uwsingt — 2, w — ky,and v — o and where

by = ZTTHJ né.

S B, .ﬂ
senfEn)
: af P R 4 =
Foliky,a)="5a e
2

Fasljhan) =

Fijke a)

Foy — Fz'zl

F:E] - F_‘!Q = a'éj._[.sin( )a Q) _ gg'n( “;Azﬂ}]
2 .
sin(252) = in(B 4 B2 = sin(Tpeos( 57 4 aos(F5)ein(75)
“’m(lmla) = sin ("ﬂwa Af)a) = btﬂ{ )C %(Lma) - a’.c)-s( ) 'k ﬂ)
aned so
cos{2hea)
01
Fa = 2p—p—2" cos(2ka)
(%)

where k, = 2Lsind.
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Problem 21 (Specialized: Optics-ECE4501) Code Number:

A fiber commumnication link consists of three sections of single-mode fiber that ave joined
end-to-end to form a net sransmission span of 14 k. The three segients. are:

1. a 2 0-lm length having dispersion Iy = +16.0 ps/nm-kim, and loss coefficient,
= (.20 dB/kmy

2. a 6 (-km length having dxspersxon Dy = —5.0 ps/unr-km, and loss coefficient,
oy = 0.15 dB/kmy;

3. a 6.0-km length having dispersion Dy = +4.1 ps/om-km, and loss coefficient,
og = (.15 dB/km.

a. Assuming that ali apilce iosses are neghgxblm what is the net power loss of the link in
decibels?

Loss (48) = 0-20% 20+ Gisx 4,0 +oisxt.o = 2.2 d8

b. Suppose the fibers are all to be replaced by a single fiber, having the same overall
length. What value of D should the new fiber have, s:uch that the link dispersion
penalty is unchanged?

D _ Do tDle v 05l _ uo (20 + (-5.0X60) + Y.ide.9
het T -

Littatts 19 e

¢. In the original three-fiber knk, an optiesl sowrce provides an input average powar of =
10 dBm. What is the link output power in mW?

Emz Ld&h} = 10dBwm ~ 21d8 = 7.8cl8m

J%
Por baw) = 107 = 60 mw

4. The input power in mW is now doubled, so that the spen distance can be ncreased.
Assuming that additional lengths of the original three fibers are available, make &
choice as to the best fiber to wse to add to the existing link, and find the new span

length (such that the output power is the same as in part ¢). The new link should be
a3 long as possible. What other factor(s) (if any) influenced your decision?

DOosblad inpor power means that om addiviomal 3dR of Iass 15 allowedt .
Lowest logg Plees ave L auwd 3 (both wirh 0 dQ[kwj. Choose £ler 2

becauye it hegative ii:.pm‘.;oh,md 1 Thoy wiwIite The neT ciicper;:uu

Pracltf: oo 348 = oaslen) =>oL= Qo.okbf\\ Ovemt lengrh:

Vel val = 34lem
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Problem 22 (Specialized: Microsystems-ECE4752) Code Number:
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Problem 23 (Specialized: Bio Eng-ECE4784) Code Number:

a) (3 pts) Describe the proper sequence of firing events for the heart.

b){4pts)Sketch the anticipated ECG/EKG in the case where there is an AV block, i.e. the
atrial muscle and the AV node lose their electrical connection.

c)(4pts)Explain, using mathematical arguments why the p wave in the case where the SA

node fails to fire will be inverted. Be sure to use the curve for the membrane voltage of

the atrial muscle as a function of distance in your answer.

h wole, syl sy (Y 123y e b iy it breadey
Mru..-..\e [TAN 'Ufw'ffrCi muﬁ e/

2 i
k “:"‘VA*:'"’* — (1.
P B o X L T o f,f”/% :
et qa i ol ol (Hc fn[.,m..f,( Jyﬂ v 4:[%

) e B et
r” ql/ ’ 7&'7 ﬁ"c’r vdl-\‘.

?ij}r\_Je pf?o!
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Problem 24 (Specialized: Bio Ehg—ECE4781) Code Number:

(3 pts) What type of electrode is used to measure the resting membrane potential of
aneuron? Draw a sketch and label the parts of the electrode.

(2 pts) What are the most important specs of the Differential Amplifier used to
measure the membrane potential of a neuron?

Noise is not such a big problem, so common-mode rejection is not very important. It’s
the current levels that could be a cell-killer. The input impedance needs to be huge.

(3 pts) The Nernst Equation estimates the membrane potential across a neuron as a
function of ion concentrations. What happens to the membrane potential if the
absolute temperature increases by 10%?

Accordlng to Nernst, Em is proportional to the absolute temperature, so Em will also
mcrease by 10%.

(2 pts) What physiological mechanism could cause this change?

The Na/K pump could transport sodium and potassium ions across the membrane at a
faster rate, but Nernst probably conceived that the permeability of the membrane would
change at higher temperatures.

29




Problem 25 (Specialized: Bio En_g-ECE4782) Code Number:

Pretend that you have accepted a senior research position at a company called
Mortem Ltd, and they have asked you to design a noninvasive, portable diagnostic
device that will prove that a comatose patient on a ventilator is legally dead. The
selling price of this medical device needs to be less than $10,000.

" (3 pts) What biological signal(s) should you measure and explain your reasoning?

Testing for a pupil response using a flash of light won’t work because the patient could
“be blind. The same thinking applies to an auditory response. EKG will verify that the
heart is still able to contract, but some patients on ventilators will continue to have heart
contractions when the brain is dead. Most medical doctors accept brain activity as the
primary indicator of life.

Unfortunately, surface EEG is only able to detect neural activity a few mm below the
skull. How can we be sure that there is no neural activity deep inside the brain? Should
we drill several small holes through the skull and probe deep into the brain? This would
be dangerous and definitely invasive. Magneto Encephalogram would be a good option,
since deeper neural activity can be detected, but this would require expensive
gradiometers. [ like the idea of using'a combination of surface EEG electrodes
measuring evoked responses on the scalp plus an ERG electrode on each eye measuring
the same nonvisual evoked responses. The electrode on each eye would have a relatively
low resistance pathway to the brain stem.

(4 pts) What types of stimuli should you use? Remember that the RMS Signal-to-
Noise levels could be really small.

The best approach would be to use a battery of several different stimuli, e.g. an auditory
stimulus (¢.g. a loud click of sound), a tactile stimulus (¢.g. a solenoid striking the skin),
and an electrical stimulus next to a peripheral nerve. The important detail will be to use a
large number of large-amplitude, pulse stimuli, so that it will be possible to perform
ensemble averaging. Since the patient is immobile, the pulse stimuli could be repeated
for several hours. White-noise stimuli could be used for auditory and electrical stimuli.

If none of the stimuli produce a measurable response, the last type of stimulus could test
the pain pathway, e.g. a device that mechanically pinches the skin at some location a
large number of times. In this situation, you could forget about pressure ulcers.

(3 pts) If one of the above stimuli is Gaussian and White-noise modulated, write an
equation that shows how to calculate the first-order Wiener Kernel.
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