BE 3600 Biolnstrumentation Final Exam 11 May 2001, Friday

Michigam (k) Spring 2001

BE 3600 Biolnstrumentation

Final Exam: 11 May 2001, Friday, 10 AM

This exam:

» Consists of 12 questions,

e Score from this exam will determine 25-30 % of your grade,

* You will have 2 hours to complete the exam,

» Closed books, closed notes, but use of calculators is allowed,
» Please mark your answers on the COVER SHEET,

* Do not forget to write your name.

TEST FORM CODE:

YOUR NAME:
GOOD LUCK!
ANSWERS:
1. 5__ 9
2. 6. 10.
3. 7. 11. _
4 8. 12
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QUESTION 1

A capacitive sensor is being used to measure the thoracic depth to monitor the
respiratory activity. A circuitry is formed as shown below where the xis the
distance between the plates of the capacitor, hence the thoracic depth.
Determine the equation for the output voltage, Vc.
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ANSWER:
A) Ve =Vip C;—AX B) Vc =Vin chrOgA
C) Ve =V, % D) Ve =V, ” ng
E) Ve =V, %‘ CORRECT ANSWER IS "C"

Page 2 of 17



BE 3600 Biolnstrumentation Final Exam 11 May 2001, Friday

QUESTION 2

Tip of an electrocautery instrument has a radius of curvature of r=1 mm Itis
specified that the electrical arc to cut the tissue will be obtained with 300 Volts,
when the tip is 1 mm away from the tissue. If the current flowing through the
device is 5 nano amps, what is the cross sectional area of the arc current?

(You can assume that it takes 100 nano-seconds for electrons to cross the gap).

v
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ANSWER:

A) 0.377 mm?
B) 0.753 mm?
C) 1.130 mm?
D) 1.507 mm?

E) 1.883 mm? CORRECT ANSWER
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QUESTION 3

Input / output relationship of a sensor is given as follows:

y[K] = (0.5) y[k-1] + u[k],
where u[k] is the input, and y[K] is the output.
If the input u[K] is a unit step, determine the output y[k]

ANSWER:

A) y[k]:%g,forkzo

B) y[k]:z—Eg,for k=0 CORRECT ANSWER
20O

0) y[k]:2+%§,forkzo

D) y[k]:l—%g,forkzo

E) yik] :1+%§, for k=0
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QUESTION 4

A capacitive pressure transducer is setup as shown below

“Apf
lrc r *VO“’UV)

Where u(t) is a step function, R = 1 MQ, C=1pF (fixed during the test)

If we sample the system with AT = 1 milli-sec time steps, what is the discrete time
output of this system (Vou{K] )

ANSWER:
A) VOUT[k] = e_k, for k=0

k
B) Vourlk]=e 1090 fork=0 = CORRECT ANSWER

C) VOUT[k] :1—e_k , for k=0

k
D) VOUT[k] =1-e 1000, for k=0

k
E) VOUT[k] =1+e 1000, for k=0

Page 5 of 17



BE 3600 Biolnstrumentation Final Exam 11 May 2001, Friday

QUESTION 5

Impulse response of a sensor is given as follows:

_@M<1

=Y

When an unknown signal x(t) is applied to the input, following output was
observed:

G- <2
O 2"

D22

Determine x(t)

y(t) =

ANSWER:

?M<1

A) x(t)= o |t| 1

[ ]

1t <2
[]

B) x(t) = o |t| -

_?M<2
C) x(t) = %,MZ 5
At <1

D)MOZ%M21

CORRECT ANSWER

| <2

E) x(t) = o |t| -

[ ]
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QUESTION 6

A patient's audiology report shows the response of her ear is follows:

10074, ~

[y .
A 7 ‘(

\okH= 2oKkHE

Which filter shown below would restore her hearing to a flat spectrum?

\OOZ»?
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Zo b

CORRECT ANSWER IS "C"
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QUESTION 7

A flow sensor was designed using the principles of thermo-dilution method. Its
output is sampled at AT = 1 second time steps. Incoming blood is at 37 °C, and
has a density of 1 gram / cm®, and specific heat of 1 cal / °C - grams. If the flow
is at 1 cm/ sec, heating element has a resistance of 1 Q, the distance between
the heater and the temperature sensor is 3 cm, and the cross sectional area of
the artery is 1 cm?, find the relationship between the output temperature and the
current on the heating element (note that 1 calorie = 4.2 Watts).

‘E{,bIL—H
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d 3cn —D

ANSWER:

A) Tempk] =37°C +

2ry —
k=3l 1100
4.2

12[k -3

B) Tempk]=37°C+ CORRECT ANSWER

20y _
1%k=300 o,
4.2

C) Tempk]=37°C+

1 [k -300

D) Tempk]=37°C +
) K] 4.2

o, 12[K]
E) Tempk] =37 C+EX100
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QUESTION 8
A piezo-electric transducer works with the following equation

V =g P, where Vis the voltage on the transducer, P is the pressure,
and gis a constant and equal to 1.

This transducer is used for ultrasound imaging and can simply be modeled as a

capacitor, C = 1 pF. If the entire system is configured as shown below, what is
the peak amplitude of the voltage on the transducer, Vc

(You can neglect the attenuation in the tissue. Reflection coefficient for the
tissue-bone interface is given as I = 0.5. Voltage source generates a voltage of
Vocos (@), where f = 100 KHz, and Vp = 10 Volts Distance between the
transducer and the bone is 7.5 mm. Assume that the speed of sound in tissue is
1,000 meters per second.)

B
0
et =R R

77

ANSWER:
A) 297.5 mV
B) 318 mV
C) 238.5mV
D) 159 mV

E) 79.5 mV CORRECT ANSWER
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QUESTION 9

A pneumotachograph is an instrument to measure the respiration of a patient and
shown in the diagram below. Pressure sensors P; and P, have gain of 1, i.e.
V=P (voltage output is equal to pressure input). These two transducers are
placed on either side of a fine mesh with resistance to flow R. Determine the
expression for Vour(t).

I\lJI CTODIVIL IV Yy QUINY -

ANSWER:

A) Vout = Ramp

B) Vour = Unit Step
C) Vour = -(P2-Py)
D) Vour = @(t)

E) Vour = Respiratory VolumgCORRECT ANSWER)
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QUESTION 10

A diode can be used as a temperature sensor. Relationship between the current
and voltage is given as follows:

qV-Eg

| = Ae KT where | is the current, V is the voltage,
Ey and k are constants and T is the temperature.

Find the output of the circuit shown below.

©

D ° \lp.ik
2
/ >

(D4v
777

ANSWER:

-E

i
A) Vour =1+ ARe” KT £ CORRECT ANSWER

B) Vour ——B(tInB—H+E E

ORAC

_EQE
C) Vour =2+ ARe” T

D) Vour _EHamB_Hw E

ORAC

E) Vour ——H(tInB—H+E +1E

ORAO
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QUESTION 11

Filter shown below is running with input signal sampled at AT = 1 milli-second
time steps. What frequencies are removed from the input signal.

.

y[n] = Z x[n—Kk] where xis the input, and y is the output.
k=0

ANSWER:

A) 50 Hz and 60 Hz

B) 125 Hz and 250 Hz CORRECT ANSWER

C) 50 Hz

D) 60 Hz

E) 60 Hz and 180 Hz
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QUESTION 12

A transthoracic impedance monitor utilizes DC excitation to measure the chest
impedance. Find out the voltage drop on one of the electrode-electrolyte
interfaces (Vrg) if the excitation is lo.

ANSWER:

A) Vie=Vuc + lo(Co+Rp+Ry)

B) Ve =Vhc + lo( 1/Go+ Rp+Ry)

C) Ve =Vue + IO(j/CD + RD+R5) where f:-l

D) Ve =VHe + |0(RD+R5) CORRECT ANSWER

E) VTE =X
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