FYS 4250
20 questions to each lecture
Lecture 1
1. Can you make a simple sketch of a simple ear-thermometer and explain the principles of function? 
2. Can you make a simple sketch of a kidney stone crusher and explain the principles of function?
3. What are the main risks for the patient when using a kidney stone crusher, and how can these be minimized?
4. What is a cochlea implant and how does it work?
5. How is the human ear able to discriminate between different frequencies (Frequency tuning) and how is the cochlea implant able to do the same discrimination?
6. Understanding speech is the ultimate goal and the younger the patient, the more effective the cochlea implant will be. Why?
7. What is a cochlea implant and how does it work?
8. What requirements are typical for a cochlea implant amplifier
9. Will a cochlea implant be effective if the patient has an injury in the cochlear nerve?
10. What is a demand pacemaker and how is it designed?
11. When a patient has a problem with the AV-node and intermittent discontinuation in the sinus node?
12. What is the advantages/disadvantages with a unipolar vs a bipolar pacemaker?
13. Most modern pacemakers are bipolar, why?
14. What are the two main types of electrodes, and what is the difference between them?
15. Why is polarization a topic when it comes to pacemaker electrodes?
16. What is a half-cell potential and what are the theoretical types of electrodes?
17. Describe the basic components of the half-cell overpotential
18. When the frequency of a measured signal is increasing, how will that influence the half-cell potential?
19. Why cannot regular hemodialysis be used to clean the blood from toxins during a liver failure?


Lecture 2
20. Can you describe the circulatory system, the main parts of it and the function of the most important parts?
21. How are the different parts of the heart synchronized?
22. If we measure an elevated pressure in the right atrium, what could possibly be wrong and which devices could we use to fix the problem?
23. What is an action potential and why is the action potential limited in time?
24. What is the main purpose of the AV-node, and what happens if the SA-node is not working as expected?
25. How is it possible to diagnose the heart by measuring electricity and what kind of equipment do you need?
26. Why is the ECG-repolarization positive?
27. What is an Einthoven triangle and how is it used?
28. What is carrying the current in the body, and which problems can occur when we will transfer this current to cables outside the body?
29. What is the voltage and frequency-range for ECG-signals?
30. When the frequency-range of an ECG-device is in the range of 0-100 Hz, what would the ECG-signal look like on the monitor?
31. What is the Wilson-terminal, what is the advantage and what is the disadvantage with the method?
32. What are augmented leads, what is the advantage and how is the lead vector different from the regular Einthoven triangle?
33. What is CMRR in an ECG-amplifier and why is it important?
34. How can you minimize the noise from magnetic field pickup when acquiring the ECG-signals?
35. Make a simple sketch of an ECG-amplifier and discuss briefly the main parts of it
36. Describe a method for actively suppressing electromagnetic noise in an ECG-setup
37. Is it a built-in electrical safety system in driven right leg?
38. How many leads do you need for a 12-lead ECG, where are they located and which electrodes belong to which leads?
39. Why is it almost impossible to design an ECG-monitor without using operational amplifiers?
40. Why is it important that the ECG-system does not "load" the patient (= there is no current from the patient through the electrodes)

Lecture 3
41. Describe what blood pressures you would expect from an arterial blood pressure monitor, and which you would expect inside the different parts of the heart
42. What is the difference between invasive blood pressure measurements and non-invasive measurements? 
43. Describe the most common non-invasive methods for blood pressure measurements and their main advantages/disadvantages and sources of error
44.  Which of the invasive methods are able to measure absolute pressure, and which can measure relative pressure?
45. How will an air bubble affect the blood pressure measurement from an invasive blood pressure measurement system?
46. How can a wheatstone-bridge be useful for blood pressure measurements?
47. What are the main advantages and disadvantages with intra-vascular blood pressure measurements?
48. How can you measure the system characteristics of an invasive blood pressure system?
49. What are the main sources of error for a wrist blood pressure measurement system, and what are the advantages?
50. What is a stethoscope, how does it work and what is a typical frequencyresponse?
51. How can you measure the blood pressure by means of a stethoscope, a sphygmomanometer and a cuff?
52. Why is an automatic bloodpressure monitor with a sphygmomanometer, cuff and a microphone a bad idea?
53. Why is it impossible to measure the diastolic pressure with an oscillometric method?
54. What are the typical error sources for sphygmomanometers?
55. EXPERT: Which non-invasive blood pressure measurement method would you recommend for measuring the blood pressure of a patient suffering from muscle-atrophy?
56. What kind of device would you use for diagnosing glaucoma?
57. How do you know that you have applied the right pressure to a manual tonometer?
58. What are the basic principles of an automatic contact-tonometer?
59. Which tonometry-method has the least risk of patient injury?
60. What are the basic principles of an automatic non-contact tonometer?

Lecture 4
61. What is the oxyhemoglobin dissociation curve, and what is the implication for the patient?
62. What is saturation, what is the unit and how can we calculate it?
63. Describe the cycle of breathing, what happens?
64. If a person inhales more than the regular resting volume of 0,5 liter of air in the same length of time, would intra-alveolar pressure increase or decrease (become more negative)?
65. Make a sketch of a pH electrode, describe the different parts and what requirements would you need from an amplifier?
66. What is a fiberoptic pH-sensor, and what are the major advantages/disadvantages/sources of error for this?
67. Why do we use green and red light for optical absorbance using pH sensitive dyes?
68. What is a fluorescent dyesensor, and what do we mean with "irreversible" in this context?
69. How do we read out the pH from a fluorescent dyesensor?
70. Describe the main parts and function of a pCO2 electrode, and mention the most important sources of error
71. Why is the core of the pCO2-electrode made of a pH-electrode?
72. Describe the pO2 electrode, the main parts and the function and sources of error
73. Why do we need a voltage source in the pO2 electrode, and why is it 0,7 Volt?
74. Describe a simple system for measuring saturation, and explain how pulse oximetry is made
75. How can we be sure that a pulse oximeter does not measure saturation in venous blood?
76. If you would like to measure the blood flow with a thermistor, why is it a bad idea to have constant current through the resistor?
77. Show a simple circuit that can provide constant temperature in a thermistor measuring the blood flow, and explain how you compensate for temperature variations in the blood.
78. How can you diagnose a venous thrombosis (a clot in the vene) in a leg without imaging- or invasive methods?
79. What are the main assumptions that is the basis for impedance plethysmography
80. What are the main problems with a two-electrode measurement?
Lecture 5
1. How can we control the oxygen-level when a patient is ventilated with a self-inflating O2-concentrations?
2. How can we avoid wasting costly anesthetics when ventilating patients with mechanical ventilation, what are the main risks with the method and how can we minimize this risk?
3. What is microdialysis and how can this method be used for finding concentrations in the extracellular fluid in the brain?
4. What is the difference between low-flow rate and no-net flux?
5. Why is always a volume of air trapped in the lungs?
6. What are the main parts of a servocontrolled ventilator, and what would happen if we removed the expiratory valve?
7. What is volume-controlled ventilation, and how is the servo-ventilator acting to provide the volume-controlled mode?
8. What is pressure-controlled ventilation, and what factors affect the volume in this mode?
9. If you have a patient where you suspect high airway resistance, which mode would you select?
10. What are the main advantages with each mode, and what are the main disadvantages?
11. What happens if the inspiration time Ti is too short during inspiration?
12. What happens if the expiration time Te is too short during expiration?
13. What is peep, and how can the servo-ventilator achieve a decent peep?
14. How will low compliance influence on mechanical ventilation, and what would the ventilator-operator do to minimize the problem if the compliance decreases?
15. What are the main advantages and disadvantages with each ventilator mode?
16. What is a sidestream measurement, and what is the main advantages and disadvantages with this method
17. What is a typical error with a spectrophotometric method, and how can we minimize the problem?
18. What are the main sources of error when using a paramagnetic oxygen analyzer?
19. What is the main advantage with a full-body plethysmograph?
20. Explain the principles of mechanical hemodialysis, and explain why there is a pump generating an under-pressure in the tube that leads the waste to the sink

Lecture 6
21. Describe how the X-ray tube is designed
22. What is the collimator light good for?
23. Why is the mass attenuation coefficient important?
24. What is the difference between “Brems-strahlung” and characteristic radiation?
25. Why do we need a filter before the photons are leaving the x-ray tube?
26. What Is secondary radiation, what is the problem with it and how can we avoid it?
27. What kind of focal spot would you prefer if you were taking an X-ray image of a very small, bony structure in the wrist?
28. What are the main sources of error, and how can we minimize each?
29. What is a modulation transfer function and how can we derive it for an x-ray system?
30. What are the three main ways of protecting against ionizing radiation?
31. What is a contrast agent and what is the purpose of it?
32. What are the basic principles of a CT-scanner?
33. What is a simple back-projection and what is the main problem with the method?
34. What kind of filter is used to minimize the filtered backprojection error?
35. What is an iterative projection?
36. Explain the basic stages of an iterative projection
37. What is special with a CT-tube?
38. What defines the resolution of a CT-image?
39. How can a proper CT-image of the heart be taken without having an excessive dose?
40. What kind of energy is used for mammography X-rays?

Lecture 7
41. What is the principle of fluorescence spectroscopy?
42. Describe the basic function of a photomultiplier and explain why it is a negative voltage at the photocatode
43. Why is electrosurgery relatively safe for the patient, even if quite high currents are sent into the patient?
44. Explain the basic setup of an electrosurgery unit and describe the safety measures used to maximize patient safety
45. What is the difference between monopolar and bipolar electrosurgery, and which one is the safest for the patien?
46. What is the best method for avoiding or minimizing the antenna effect (= current Is jumping from the electrosurgery cables/electrode to nearby metal objects)?
47. How can you take control with the current path?
48. What is the law of physics that the electromagnetic flowmeter is based on, and why is it a correct assumption to say that e = BLu?
49. How is the sensitivity field for the electrodes shaped, and what are the main error sources for the electromagnetic flowmeter?
50. What are the practical limitations for the electromagnetic flowmeter?
51. What is the best, a DC flowmeter or an AC flowmeter, and why?
52. What is the main problem with an AC flowmeter and what are the two methods for counteracting this problem?
53. What is the basic function of a quadrature suppression 	flowmeter?
54. What happens if the quadrature generator is 180 degrees phase shifted instead of 90?
55. What are the main parts of the blood, and how can we separate it?
56. What is a cell-saver, why do we use it, and why do we remove almost everything except water and red blood cells?
57. What tools do you need for a laparascopic procedure?
58. Why is it important that you can switch a laparascopic procedure to open surgery?
59. Why is a laparascopic procedure better for the patient?
60. What is the main risk-factors for a laparascopic procedure?

Lecture 8
61. What is a pulmonary artery catheter (PAC), and what is this used for?
62. How can we place the PAC in the right place of the circulatory system?
63. What is the most acute risk of the PAC?
64. What is Fick’s method, what are the main advantages and why is it obsolete?
65. What is an indicator dilution method, and how can we use this?
66. What is the main reason for using thermodilution instead of dye-dilution, making thermodilution the preferred indicator method?
67. Why is it important that indocyanine green has its optical absorption peak at 805 nm?
68. What are the properties of a piezoelectric crystal that makes it suitable for ultrasound measures?
69. Describe the design and function of an ultrasound doppler flowmeter
70. What are the main sources of error?
71. The amplifier will use both a low pass filter and a high pass filter, explain why?
72. Why do we need a quadrature-phase detector?
73. Make a simple sketch of the quadrature detector and explain each element in the circuit
74. Compare the electromagnetic flowmeter and the ultrasound doppler flowmeter. What are the main advantages and disadvantages with each?
75. Why is a cerebral oximeter measuring a mix of venous and arterial blood, instead of arterial blood only, as the regular pulse oximeter is doing?
76. Lambert-Beers law describes the physical properties of absorption of light, indicating a source on one side of the object and a detector on the other side. However, a cerebral oximeter has both detectors and light sources on the same side. How can we still use the equation?
77. What is the basic mechanism of ultrasound surgery?
78. In which cases would we prefer ultrasound surgery before regular electrosurgery?
79. How can a surgical tracking system make sure that every tool used is correctly aligned in the image shown to the surgeon?
80. What are the main risks of intraoperative navigation?


Lecture 9
1. What is the traditional way of measuring stages of anesthesia, and how can they separate them?
2. Make a simple sketch of an anesthesia machine and describe how it works
3. What are the main functions of the anesthesia workstations and what are the main concerns?
4. What is the function of a vaporizer on the anesthesia workstation, what is the main problem with it and how can this be compensated?
5. What are the main concerns with the scavenging system, and what is special about the valve on this circuit?
6. What could happen if the positive pressure relief valve (APL) from the scavenging system does not work properly?
7. What could happen if the negative pressure relief valve from the scavenging system does not work properly?
8. Why is the APL valve used in the manual mode only?
9. What is the main function of the CO2-absorber (soda lime)?
10. What is the function of the HME-unit, and what kind of problem could this unit introduce?
11. There are two important flowmeters on the anesthesia machine, where are they, and what is the function?
12. How it possible to measure anesthesia automatically, and what are are the main sources of error?
13. What is a slave regulator, and what is the difference between a two room and a three room slave regulator?
14. What can happen if the O2-flush is used for a long time? (It is type-dependent)
15. If a patient connected to a BIS-monitor develop fever during surgery, would you expect the BIS-monitor to show a higher BIS-Score or a lower BIS-Score than the real value, or does it calculate the real value anyway?
16. EXPERT: Except from BIS-Score, which monitoring parameters could reveal an ongoing awareness?
17. EXPERT: Giving anesthesia is to put patients into chemical comas, but there are reports of   30 - 40 000 yearly cases of awareness (the patient wakes up) during anesthesia in the US. In case of awareness, will the patient feel pain when waking up, why/why not? 
18. EXPERT: What happens with the anesthesia machine if the O2-sensor does not measure correctly?
19. EXPERT: What is the difference between a ventilator and the ventilator part of the anesthesia workstation?
20. EXPERT: During the first wave of the Covid-19 pandemic, hospitals discussed to use anesthesia workstations as ventilators due to the lack of available ventilators. Why is this problematic, and is it possible?

Lecture 10
21. What is a spectrophotometer and how is it designed? (Make a sketch)
22. What is an instrument for flame emission, and what is the difference compared to flame absorption? (Make a sketch)
23. What is the difference between flame photometers and spectrophotometers?
24. What is fluorometry and what is the advantages/disadvantages compared to a spectrophotometer?
25. Give a brief overview of the gas/liquid cromatograph (GLC), what is the main advantages/disadvantages with this method?
26. What is electrophoresis and what are the main advantages/disadvantages?
27. What is the principle of a coulter-counter and what is it used for?
28. How is the genetic information stored in a cell, and how can we take advantage of this in a polymerase chain reaction?
29. What are the main three cycles of a PCR?
30. What is the problem with traditional PCR?
31. What is the advantage with qPCR or realtime PCR compared to traditional PCR, and how is such a device designed?
32. Why is it important to know the number of copies made of the DNA?
33. What is a mass spectrometer and how is it designed? (Make a simple sketch)
34. Why do we often combine e.g. gas chromatography with mass spectrometry?
35. How is the arriving ions in a mass spectrometer converted to an electrical signal, amplified and measured?
36. What are the main advantages and disadvantages with mass spectrometry?
37. What is a flow cytometer, and how is it designed? 
38. EXPERT: Why is Covid-19 antibodies measured in a flow cytometer, while the Covid-19 test is performed in a PCR?
39. EXPERT: We do often combine two mass spectrometers, why?
40. EXPERT: Why is HB converted to cyanmethemoglobin in the coulter counter?

Lecture 11
81. How can we see typical signs of a myocardial infarction in an ECG-diagram?
82. How many electrodes do you need for a 12-lead ECG?
83. Explain the differences between the 12 leads
84. What is a Percutaneous Coronary Intervention (PCI) procedure?
85. Describe briefly the principle of an IABP (Intra arterial balloon pump)
86. What are the main risks of an IABP and what can be used to reduce the risks?
87. Which physical law describes the blood flow through a blood vessel, and how will a reduction of 50% in the diameter of a blood vessel influence on the flow?
88. What is the main risks of using anti coagulants in patients?
89. How can we measure the degree of coagulation, describe briefly the three most common methods?
90. What is a roller pump and what are the main advantages/disadvantages?
91. What is a centrifugal pump, and what are the main advantages/disadvantages?
92. What is a “priming volume”?
93. Would you use a roller pump or a centrifugal pump for a patient with a 24-hour need for assisted circulation?
94. Why is it easy to calculate the flow with a roller pump, as opposed to a centrifugal pump?
95. What is an oxygenator and what are the main parts?
96. For a Heart-Lung Machine (HLM), is the venous reservoir open to air or a closed system, and why?
97. What are the main risks with the HLM?
98. If you should give cardiac support to a patient for some days, would you use Veno-arterial ECMO of Veno-venous ECMO
99. How is it possible to make a medical suction based on over-pressure from the wall inlet?
100. EXPERT: What would happen if the left ventricular vent tube were incorrectly mounted? 

Lecture 12
1. Describe briefly the main parts of a neuron, how can a neuron stimulate other neurons?
2. Which cells in the brain contribute to the EEG-signals?
3. What is the difference between temporal and spatial summation of neurons?
4. Why is it important with myelin?
5. What is the main problem with scalp electrodes?
6. How can you make a tangential EEG measurement and how can you measure a radial EEG measurement
7. What is the most important requirement for an EEG-amplifier?
8. Why is the Nyquist theorem important for EEG-measurements?
9. What is the Nernst equation actually describing?
10.   What does it mean that a cell is in a volume conductor and what is the problem with that?
11. Which nerve fibers will give the largest signal?
12. What is a reflex, and why is it important?
13. How can you measure neural velocity?
14. When measuring the neural velocity in the median nerve (in the hand), how would you set up the equipment and why is the signal at the elbow so different?
15. What is an H-reflex, and how can we measure it?
16. What is EMG and what is it used for?
17. What is MEG, and how does it work?
18. How can you measure a MEG-signal?
19. Why is the fMRI preferred at the expense of MEG?
20. What is ERG, how can it be measured and what can you get out of these measurements?

Lecture 13
101. What is ultrasound?
102. How can ultrasound be used for medical imaging?
103. What is the relation between ultrasound frequency and attenuation, and what determines the frequency in an ultrasound system?
104. What is a piezo crystal and how is it used in an ultrasound system?
105. How can we form the ultrasound beam in order to focus at a certain distance?
106. What is a phased array transducer and what is dynamic receive focusing?
107. What is in order to maximize axial resolution?
108. What is important in order to discriminate two objects perpendicular to the beam?
109. What determines the axial, elevational and lateral resolution?
110. What is the relation between ultrasound transducer frequency vs resolution when it comes to penetration depth and resolution?
111. Describe briefly the most common ultrasound modi and give examples of the different applications for each of them
112. What is time-gain compensation and why is it important?
113. What are the main sources of error in a regular ultrasound system?
114. What is Doppler ultrasound and what is it used for?
115. What is the problem with Doppler ultrasound aliasing?
116. What are the main advantages/disadvantages with ultrasound?
117. What is focused ultrasound and what is it used for?
118. What are the main advantages/disadvantages with focused ultrasound compared to traditional surgery?
119. EXPERT: What frequency will compress and decompress the medium longest, 2 MHz or 5 MHz?
120. What is spatial resolution and which factor will not influence on spatial resolution?
a. Frequency
b. Pulse interval
c. Time-gain compensation
d. Transducer thickness

Lecture 14
1. What is the frequency ranges for the electromagnetic radiation energy from an MRI-imaging system, compared to an X-ray system?
2. What are the basic physic properties we take advantage of when making an MRI-image?
3. What is the Larmour-frequency and why is it important in MRI-imaging?
4. What is T1 relaxation and explain why you need several different delaytimes between the two 90 degree pulses in order to find T1?
5. What is T2 relaxation and what is spin-echo contrast weighting?
6. EXPERT: What is the difference between T2 and T2*, and why is T2 always longer than T2*
7. How can we find the T2-spin echo decay?
8. Why is it important with a gradient magnetic field, and how can we apply such a field?
9. How is the stationary magnet designed in order to produce the gradient magnetic fields?
10. What is a frequency encode gradient (FEG) and how can we use that in order to obtain spatial image information?
11. What is the task of a shimming coil?
12. What is functional MRI and how is it possible to use the MRI-scanner for the functional image?
13. Describe a couple of MRI-artefacts and explain why they appear
14. What kind of method is used in the MRI-scanner for picture reconstruction?
15. What are the main advantages/disadvantages with MRI?
16. What are the main concerns when it comes to safety issues related to the MRI?
17. What is a slice select gradient (SSG) and how do we use it?
18. EXPERT: If the total signal of pixel A and B with the same encoded frequency is written:      S0(t) = (A+B) sin wt, does it mean that phase-encoding gradient has been applied or not?
19. EXPERT: What is better with a 3T MRI scanner compared to a 1T scanner, and what is better with the 1T scanner when it comes to image quality?
20. EXPERT: What happens if two different gradients are applied simultaneously?
Lecture 15
121. What is the purpose of a defibrillator and make a simple sketch of a basic defibrillator
122. What is important for a successful defibrillation?
123. In which situations can it be important to synchronize defibrillations?
124. What is a coronary angiography and what is it used for?
125. Most imaging methods show anatomy which then has to be interpreted in a medical context. Which method is able to give an image of pathology (disease) directly?
126. Make a simple sketch of a scintillation detector and explain how this is used in a gamma camera, and what a gamma camera is used for
127. Why is it important to have a collimator in a gamma camera?
128. What is a SPECT-camera and what is it used for?
129. What are the principal differences between a PET-camera and a SPECT-camera?
130. Give a brief explanation of a PET scanner and explain what a coincidence detection is
131. Why don't we use collimators in a PET-scanner?
132. How is the 511-keV converted (and amplified) to an electrical signal in the PET-scanner?
133. What are the main advantages and disadvantages with 3D PET-scanner vs a 2D scanner?
134. What is attenuation correction, why is it important, what is the disadvantages and how is it done in a modern scanner vs an old scanner?
135. EXPERT: Is attenuation most important in a SPECT scanner or a PET scanner?
136. If you want the highest resolution, should you select a SPECT or a PET-scanner?
137. How is the image constructed in a SPECT/PET scanner?
138. What is the major advantages/disadvantages with a PET-MRI scanner vs a PET-CT scanner?
139. What is the major advantages/disadvantages with proton therapy compared to regular radiation therapy, and what is a "Bragg peak"?
140. What makes the destructive effect inside the cancerous cells from a proton-beam?
141. 


[bookmark: _GoBack]Lecture 16
1. What are the main parts and the main principle of a linear accelerator (Linac) used for radiation therapy?
2. Make a simple sketch of a linac used for radiation therapy
3. How is it possible to steer the radiation beam in a linac used for radiation therapy?
4. Why do we need a bending magnet in a linac?
5. Why is an X-ray unsuitable for treatment of a brain tumor?
6. What are the basic principles of an infusion pump?
7. What is the basic princples of a syringe pump?
8. Why do we need a drop counter for an infusion pump but not a syringepump?
9. What is the main challenge with a multipump connection, and why do we use it?
10. Is it dangerous or not to touch a patient with one hand during defibrillation?
11. What is the single fault concept?
12. What is a let-go current?
13. Why will the risk of releasing a ventricular fibrillation as a result of electrical shock reach the maximum after approximately a second?
14. What are the main advantages/disadvantages with infusion pumps vs syringe pumps?
15. Which legal regulations are regulating medical devices?
16. What is the legal therm "patient environment" and what is special about this zone?
17. What is the difference between macro and micro-shock, and what are the fibrillation thresholds for each situation?
18. How is it possible to design an electrical medical device in such a way that the risk of                          current leakage from the amplifier is reduced almost to zero?
19. What is a leakage current, and why is it dangerous?
20. Describe one test that measures leakage currents, and explain which risk this test will deal with?

