BMET-311 Homeworks

Sr. Professor Wheeler

Instructions: Your homework must be turned in within a flat 3-tab paper folder (no three-ring binders will be accepted). Answers must be computer generated -- no handwriting allowed. Use complete sentences when answering all questions. 


For calculations, show all work. This means that you must show: (1) Any defining equations (for example, I = V/R is a defining equation), (2) The manipulations performed on the equations (for example, R = V/I is a manipulation), and (3) Substitution of final values into the manipulated formula, showing proper units, and underlining or boxing the final answer. (For example, R = 20 V / 5 A  = 4( ). You must show your work to receive credit.


Please use your own words when answering each question. If you quote from an outside source, don't forget to cite it.

Homework 1

Note: You'll find the document "Medical Device Regulations" (PDF), available on the instructor's web site, useful in completing this assignment.

1. What is a medical device?

2. What does the FDA regulate? Why was the scope of the FDA increased to pre-market approval of medical products in 1976? (Note: Ask your instructor to show one of the "quack" devices in his collection!)

3. What are four actions the FDA may take if it believes there is a problem with a regulated device?

4. List and explain the three FDA device recall categories.

5. What are five "General Controls" required for all medical devices?

6. Explain the three classes of devices (I, II, III) and the types of "Controls" applied to them.

7. What is the purpose of a 510(k)? When is it required?

8. What is PMA? What classes of devices require it?

9. What type of exemption is obtained to clinically test a device for usefulness?

10. Explain "GMP" and list some standards associated with it.

Homework 2

Note: You'll find the document "Medical Electrical Safety" (PDF), available on the instructor's web site, useful in completing this assignment.

1. Explain the meaning of the following IEC60601-1 terms:

a) NC, SFC




b) Applied Part
c) Creepage and Clearance


d) LOP
e) BI, SI, DI




f) RI
g) PE

2. List some common single-fault conditions that are likely to occur in medical equipment.

3. Define the term "leakage current" as specified by IEC60601-1 (or UL2601-1).

4. Define the term "auxiliary current" as specified by IEC60601-1 (or UL2601-1).

5. For a single-fault condition (SFC), what are the maximum AC and DC values for the following currents in Type B equipment?

a) Enclosure to earth ground
b) Patient lead to earth ground
c) Patient lead to patient lead

6. Your company is going to build and market "NetRadio" receivers to hospitals. These devices connect to the Internet through a wireless (802.11) LAN, and are placed bedside for the patient's entertainment. The patient can listen through an internal speaker, or plug in a set of headphones. The device operates on 120 V from the AC mains.

a) Draw a rough block diagram of the unit. What basic electronics will be needed? (Don't worry if you don’t know all the details; just sketch out what you think will be inside.)

b) How would you package the device for best electrical safety?

c) Will there be any exposed metal parts in the design? If so, how can two LOP be obtained for them?

d) Draw an insulation diagram for your product (see the PDF for examples).

e) Will your company need to file a 510(k) with the FDA prior to marketing this device? Explain.

Homework 3

1. Draw a rough diagram of the human circulatory system (you may use block diagram form -- it does not have to be to scale). 

2. List at least two major differences in the anatomy of arteries and veins. Why are these differences critical for the operation of the circulatory system? (Bonus: What body system forms an "auxiliary pump" to assist the heart by encouraging venous return?)

3. List at least three factors that affect the resistance of an artery to flow of blood. 


4. Explain the following terms and give the proper CGS units for each:

a) Mass



b) Pressure

c) Length (Distance)


d) Density



e) Flow

5. Pressure is often expressed in mm Hg in medicine because mercury is a convenient liquid. Show how this is related to readings given in units of mm H2O. For example, find the standard value for atmospheric pressure (at sea level) and express this in mm Hg according to your rule.

6. A beaker is filled with pure water to a height of 100 cm, such that the total volume of the water is 1000 ml. The beaker is in the shape of a uniform column.

a) What is the mass of the water in the beaker?
b) What is the surface area of the inside bottom surface of the beaker?
c) What is the inside diameter of the beaker?
d) What is the pressure of the water anywhere on the bottom surface of the beaker? 
    Don't forget to include atmospheric pressure in your calculation.
e) What is the pressure on the side of the beaker a distance of 55 cm from the bottom?

7. Repeat Problem 6, but substitute mercury for the water. (No need to recalculate parts a, b, and c).

8. Define the term "viscosity." What are the CGS units of viscosity? What is the viscosity of water (approximately)?

9. What is the viscosity of the following liquids compared to water? Express as a ratio or percentage (your choice, but clearly show your preference of units).

a) Whole blood



b) Plasma
c) Fluid in an abscess


d) Honey

8. Calculate the flow in a uniform glass tube if the diameter is 1 cm, and the average velocity of the fluid in the tube is 25.4 cm/s.

9. Calculate the average return velocity at the inferior vena cava in an adult subject resting in a chair. The vessel inside diameter is 2.5 cm, and the flow is 60 cm3/s.

10. Express the flow of Problem 9 in units of ml/min

11. In an adult, the percentage of total venous return contributed by the superior vena cava is estimated to be about 35%. (This value varies during early childhood, peaking at 55% at 2.5 years of age, and declining to the adult value by age 6.) Assuming this to be true, estimate the cardiac output for the individual in Problem 9 and express the answer in L/min.

12. Suppose that you are standing quietly and your superior descending aortic pressure is 122 Hg systolic. Estimate the pressure in your posterior tibial artery (at the malleolus). Explain the method that you employed, and show your calculations. (BONUS: If the average pressure at the superior vena cava is 22 mm Hg, show that the tibial vein pressure can be calculated by a simple subtraction.)

Homework 4

1. Explain the following terms:

a) Laminar Flow


b) Turbulent Flow
c) Reynolds number

2. What is "Ohm's Law" for fluid systems? List the three interrelated factors. 

3. What condition is required for Poisseuille's equation to be valid?

4. A certain piece of apparatus passes a patient's blood through a uniform glass tube with an inner diameter of 0.3325 cm, and length of 10 cm. The average pressure at the tube input is 120 mm Hg, and the pressure at the tube exit is 110 mm Hg. The flow through the tube is 10 cm3/sec. What is the resistance of the tube in fluid Ohms?

5. Express the resistance of the tube of Problem 4 in PRUs.

6. Calculate the Reynolds number for the flow through the tube of Problem 4. Would you assess the flow in the tube as laminar or turbulent, and why?

7. What is the fluid Ohm resistance of an artery with a length of 10 cm and an inner diameter of 1 cm? (Assume that the liquid passing through is blood with a viscosity of 0.04 Poise).

8. What flow in cm3/s will result in an artery with an inner diameter of 2.5 cm, a length of 10 cm, and a pressure differential of 10 mm Hg?

9. Calculate the unknown currents in the electrical circuit below.
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10. A simplified model of the ascending aorta and associated vasculature is shown below. All of the aortic branches have approximately the same pressure:
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a) Draw the electrical equivalent circuit first. It will help you understand this problem. Let electrical ground represent the vena cava (assume that the return pressure is close to 0 mm Hg).
b) Calculate the flow into the left subclavian artery.
c) Calculate the vascular fluid resistance in fluid-Ohms for each ramification of the ascending aorta. Don't forget to convert mm Hg into Dynes/cm2!
d) Calculate the total vascular resistance in fluid-Ohms for the entire system. (Hint: This is a parallel circuit!)
e) Calculate the pressure at the proximal aorta. Express in mm Hg. (You'll need to convert from Dynes/cm2 back into mm Hg!)
f) What is the total vascular resistance in PRUs for the entire system. (You should get a value close to 1; why?)

11. In Problem 10, calculate the cardiac stroke volume given a pulse rate of 70.

12. Explain (in your own words) how cardiac output is estimated by using the Fick principle. What is a disadvantage of the direct Fick method?

13. Use the Fick principle to estimate the cardiac output of a subject given an O2 consumption of 250 ml/min, and an arteriovenous O2 saturation difference of 5 ml O2 / 100 ml blood.

14. Explain (in your own words) how dilution (thermal or dye) can be used to estimate cardiac output. What is the primary disadvantage of this method?

15. Estimate the cardiac output from a dilution flowmeter that has an injectate volume of 10 ml, injectate temperature of 25 (C, a catheter correction factor of 40. The average temperature difference is 5 (C over a 10 second measurement period.

Homework 5

1. Explain in your own words the meaning of the terms:
a) Precision
b) Accuracy
c) Resolution
d) Sensitivity

2. What statistical measure best describes:

a) The precision of a system? Give a numerical example.
b) The accuracy of a system? Give a numerical example.

3. Explain how to measure blood pressure by auscultation. What are the five sounds heard in the process, and what is the significance of each?

4. What are the two main types of electrodes used in biomeasurement? Describe the construction of each type.

5. Calculate the total dc potential that will be introduced by the following electrode pairs:

a) Al - Au

b) Al - Cu

c) Pt - Pt
d) Zn - Ag

6. Draw the equivalent circuit of an external electrode. Explain the significance of each of the four equivalent electrode parameters.

7. A piezoresistive strain gauge uses nichrome, an alloy that is approximately 80% nickel and 20% chromium, with a bulk resistivity of 108 x 10-8 ((m.

a) If the resistance element is 100 cm in length and has a diameter of 0.02 mm,
    calculate its resistance at rest.

b) Young's modulus for nichrome at 20 (C is 2.2 x 1011 Pa. What tensile force in Newtons
    will be needed to stretch the resistance wire to 105% of its original length?

    Recall that Young's Modulus = ( = stress/strain = 
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c) If a tensile force of 0.69 N causes a 1% increase in resistance of the device,
    calculate its sensitivity in (/Newton.

8. Draw the schematic diagram of a bridge circuit employing piezoresistive strain elements:

a) What is the benefit of using opposing strain elements in the bridge?
b) What benefit is obtained by using equal strain elements at the top and bottom
     of each side of the bridge, and why?

9. A capacitive pressure sensor is used within an LC oscillator circuit as shown here:
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Note that the inductor L1 is 1 (H ( ( = 1 x 10-6 ). The sensor's characteristic graph looks like this:
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a) What will the oscillation frequency be at rest ( 0 mm Hg)?

b) What oscillation frequency results for a pressure of 100 mm Hg?

c) What is the sensitivity of the unit in Hz/mm Hg?

10. List three types of muscle tissue found in the body. How is cardiac tissue different than the other two?

11. If the concentration of potassium outside a cell is 6 times that of the intracellular value, calculate the diffusion potential for that cell due to potassium.

12. Explain the following:

a) What is the typical resting potential for animal cells?

b) What causes this potential to arise?

c) What happens during the process of depolarization and repolarization? (Why do
    neurotransmitter substances induce depolarization?)


13. Describe the sequence of events that take place with each heartbeat; list each major portion of the anatomy involved, and give its function within the sequence.

14. Draw a diagram showing how the Einthoven leads are arranged. Explain: What does each lead configuration "see" best, and why?

15. Draw a diagram that relates the electrical, audible, and mechanical portions of the cardiac cycle. (You may restrict this to one side of the heart if you desire.)

16. Explain the following features about blood pressure regulation: 

a) What two parameters are varied together by the body's control systems?
b) List at least two mechanisms used to control vascular resistance.
c) List at least two mechanisms used to mediate cardiac output.

17. List the mechanisms used by the body to regulate blood pressure for transient, short-term, and long-term conditions.


 Homework 6

1. Draw a schematic diagram of the respiratory system:

a) What are three major divisions of the system?
b) What are the structural features that differentiate each division of the system?

2. Describe the meaning of each of the following pulmonary measurements, and describe how each would be measured:

a) TV


b) IRV


c) ERV
d) FVC


e) FEV1

f) FEV1%

3. Explain the characteristics of the following types of spirometers:

a) Volume


b) Flow

4. Describe the process of cardioversion:

a) When is synchronized cardioversion required?
b) What situation calls for unsynchronized cardioversion?
c) Explain the "escalating protocol" used for defibrillation.

5. Draw a block diagram of a typical defibrillator:

a) Explain the purpose of each portion of the circuit.
b) Explain how the energy level to the patient is controlled by the unit.

6. Calculate the voltage needed across a 20 ((F defibrillator capacitor in order to deliver
100 J of energy to a patient.

7. List four basic types of pacemakers, and describe the basic characteristics of each one.

8. What battery capacity in A-hr is needed to power a pacemaker requiring 4.5 V dc @ 10 (A (average) current for a period of 720 days?

9. What is the estimated battery life, in days, of a pacemaker circuit employing a 3-volt 2.5 A-hr power cell delivering an average of 75 bpm, 100 (J/beat, at 45% efficiency?

Homework 7

1. Calculate the wavelength of a 1 kHz audio tone in the following media:

a) Air @ STP


b) Intra-cochlear
c) Mastoid process


d) Adipose tissue

2. Explain how the following ultrasound modes work:

a) A-scan



b) B-scan
c) TM-mode

3. A tuning fork at pitch A4 is struck in a moving automobile. Assume STP, and don't forget to express velocity in km/s first:

a) Find the frequency that corresponds to this pitch (use appropriate resources).
b) If the vehicle is traveling at 50 km/hr towards an observer, what frequency
    will the observer perceive?
c) How fast must the car travel towards an observer so that he/she perceives the
    musical pitch A#4? (Note: This is the same pitch as B-flat4, but I was trying to
    avoid a bad pun.)

4. A Doppler flowmeter is being used to measure a person's peripheral circulation. A carrier frequency of 8.000 MHz is entering a blood vessel at a 35 degree angle, and the return signal is 8.0015 MHz. Assume that v=1570 m/s within the tissues.

a) What is the average velocity of the column of blood in the vessel?

b) If the diameter of the vessel is 10 mm, what is the flow Q passing through it?

5. Design a temperature sensing circuit using an LM34 sensor:

a) If the temperature is at or below 90 (F, a GREEN LED should light up to show
    that the temperature is "safe."

b) If the temperature is above 95 (F, a YELLOW LED should light up to signal
    "caution."

Hint: You may need to use two comparators.

6. Design a circuit that measures the temperature difference between blood in the aortic cannula and inferior vena cava for a heart-lung machine. This circuit will monitor the heating element performance in the machine to detect a failure. (See text, pp. 298, for a schematic representation of this machine.)

a) Use two LM34 sensors.

b) Produce an output with a slope of 100 mV/(F, with 0 V meaning no temperature
    difference.

c) If the temperature difference is more than 5 (F, turn on a warning LED and buzzer.

d) BONUS: Calculate the absolute value of the difference signal (you'll need to research
    the circuit.)

7. Design an instrumentation amplifier with the following characteristics:

a) FHCO = 200 Hz
b) 95 <= G <= 105 V/V
c) ZIN = 10 M( (at each input), dc-coupled.

Show all calculations and draw the schematic diagram, showing all values.
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