Competition in biophysics/medical biophysics 2018.

1. We measure the gamma radiation emitted by a point-like 60-Co preparation from 2 m distance by an ionization chamber. The volume of the chamber is 2 cm3, the measured saturation current is 2.94 pA.
a) Calculate the exposure rate in the chamber. 
b) Calculate the absorbed dose in the chamber during one minute.
c) Calculate the activity of the preparation. (30 points)
2. The infra camera used for medical thermography (e.g. screening of breast cancer) can detect even 0.5 µJ energy differences arriving from 1 mm2 surface area in one second.  How large temperature differences can be recorded by the camera, if the average  temperature of body surface is 28 (C and there are local differences in the temperature of body surface.  (20 points)

3. 131I is ingested by patients with healthy and with hyperactive thyroids. On two consecutive days a counter positioned over the thyroid glands reads 10 000 counts per second (cps) and 9 136 cps for the healthy person and 9 500 cps and 7 340 cps for the sick person. What are the biological half-lives of the isotope in the thyroids of the patients?  (25 points)


4.  What ratio of the ultrasound intensity that enters the body reaches the heart? Suppose that the ultrasound passes through a 6-mm layer of skin and fat (layer 1) and a 20-mm layer of muscle (layer 2) before arriving at the heart. Both layers are considered to be uniform, their densities are (1 = 950 kg/m3 and (2 = 1040 kg/m3. Ultrasound travels with a velocity v1 = 1450 m/s in the skin and in the fat and a velocity v2 = 1580 m/s in the muscle. The absorption coefficients are α1 = 0.025 mm-1 for the skin/fat and α2 = 0.07 mm-1 for the muscle. (25 points)
5. Give short definitions for the following terms (give the unit, where it is possible) 6x5 points)

- Limiting angle of vision

- Mass attenuation coefficient

- Exposure

- Specific resistance

- Loudness

- Population inversion
6. Compare the emission and absorption spectrometry (basic concepts, measuring principles, techinques, practical applications). (25 points)
7. EM-EP: Laws of thermodynamics (20 points)
ED: Compare the two-samples t-test and the chi-square test. (20 points)
8. 12-lead system in electrocardiography. (25 points)
