Introduction to Biomedical Engineering: 2018 Spring Final

June 28, 2018

120 points in total. Close book, 170 minutes. (PM 1:10~ 4:00)
You may use calculator, but any electronic device with internet access, like smart phone, is not

allowed.

1.

i LA 20-60 ik 51445 (24%)

(1) 12-lead ECG (12 38 EE[E])

(2) Let-go current

(3) Hounsfield unit

(4) Central slice theorem (i.e., Fourier slice theorem)

(Amplifier, 24%) One key source of interference during the measurement of biopotentials is
from electromagnetic interference at power line frequency (60 Hz in Taiwan). Consider an
instrumentation amplifier as shown below.

(1) Given R; =1 kQ, R> = R3=10 kQ, and R4 = R4’ = 20 kQ, calculate the differential gain of
this circuit. (6%)

(2) Calculate the common-mode gain when Ry = 1 kQ, Ro =R3=10kQ, R4 =20 kQ and R’4 =
20.5 kQ. (6%)

(3) Assume the amplitude of the cardiac R-wave is 2 mV and the magnitude of power line
interference reaches 120 mV, what CMRR is required so that the difference signal is 10 times
larger than the interference? With the resistance given in (2), is the amplifier able to satisfy
the requirement? Assume the common-mode voltage (Vcm) is totally contributed by the
power line interference. (6%)

(4) Huge CMRR of the instrumentation amplifier can effectively eliminate the common-mode
signals. However, it is still possible to observe weak but interfering 60-Hz signal after
differential amplification. Why? (6%)




3. Given a time-varying signal as below
x(#) = 10 sin(2m 10t) + 5 sin(2w 100t) , for 0 <t < 100 ms
10 sin(2w 50t) — 5 sin(2w 200t) , for 100 <t <200 ms
Now you are asked to perform the analog-to-digital conversion (ADC), followed by the short-time
Fourier analysis to monitor its spectrum over time.
(1) What is the minimal sampling frequency to accurately record this signal? (6%)
(2) Assume a rectangular window function without overlapping is considered in the short-time
Fourier analysis. Do you think a window width of 20 ms is appropriate here? Explain why.
(6%)

4. Heart sounds is the vibration generated by the beating heart and the resultant flow of blood
through it.
(1) Please draw the normal PQRST waveform of electrocardiogram (ECG). Illustrate the
corresponding phonocardiogram (,['» & [&]) and mark the presence of the first (S1) and the second
(S2) heart sounds. (6%)
(2) What is the main reason to cause the first (S1) and the second (S2) heart sounds? Please

indicate which part of the heart is involved respectively. (6%)

5. An indirect blood pressure instrument (i.e., sphygmomanometer) is usually implemented with an
inflatable cuff (1] 7558 A 5 #F) surrounding the arm. At the beginning, the cuff is inflated
rapidly and then deflated gradually. The cuff pressure is measured and shown in the figure
below (amplitudes of oscillation are exaggerated from those in an actual system). From this
curve, roughly estimate: (1) systolic pressure, (2) diastolic pressure, and (3) the heart rate. (12%)
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6. The energy spectrum generated by a clinical (E&RKY) X-ray tube are X-ray intensity
shown right. Sketch the corresponding spectrum with the same X-ray 1

tube by

(1) increasing the kVp by 50% (3%)

(2) increasing the mAs by 50% (3%)

(3) the expected effect on the X-ray imaging by doing (1) and (2). (6%)
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7. SPECT and PET are two imaging modalities (3&52fE 1)) that are common used in nuclear
medicine. Please compare these two techniques in terms of:
(1) signal source (also make an example of radioactive isotope for each technique) (8%)
(2) the difference in composing hardware (4%)
(3) image resolution (4%)

8. MRI is a non-radioactive medical imaging technique that are able to produce good contrast
between soft tissues. MRI scanners use strong magnetic fields, electric field gradients, and
radio-frequency waves to generate images of the organs in the body.

(1) What is the pulse duration of a 90-degree excitation for proton (‘H nucleus)? Given that the
main magnet field (Bo) is 1.5 Tesla and the excitation field (B1) is 0.5 Gauss. The
gyromagnetic ratio of 'H is 42.58 MHz/Tesla or 2m X 42.58 X 10° radian/Tesla. (6%)

(2) What will become double when the main magnetic strength is increased from 1.5 to 3.0 Tesla?
(TR IEE, 6%)

(A) the resonance frequency (Larmor frequency) corresponding to Bo field; (B) the maximal
additional magnetic field that can be generated by the gradient coil; (C) the central frequency

of the receiving signal.
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