Competition in biophysics/medical biophysics 2024.

1. What are the wavelength of maximum spectral emittance, the total emitted power and the net energy loss during one hour due to radiation of a human body with a surface temperature of 32 (C? The surface area of the body is 1.6 m2 and the temperature of the surrounding is 18 (C.  
(35 points)

2. What is the activity of an adult of mass 70 kg in consequence of the natural radioactivity of 40K? The total potassium content is 0.35 % of the body mass. The incidence rate and the half-life of the radioactive isotope 40K are 0.012 % and T=1.25*109 years, respectively. (30 points)

3. 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 c1= 1450 m/s in the skin and in the fat and a velocity c2= 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. (35 points)

4. Give short definitions for the following terms (give the unit, where it is possible) 6x5 points)
-  exposure rate 
-  Kirchhoff’s law for radiation
-  Duane-Hunt law
-  EM, EP: third law of thermodynamics ED: Compton scattering
-  Kasha’s rule
-  Abbe’s principle
5. Give the unit of the following quantities (8*2 points)
-  compressibility
-  radiant flux
-  resolving power
-  refractive power of lens
-  optical density
-  exposure rate
-  EM, EP: entropy ED: mass attenuation coefficient
-  specific capacitance
6. Make drawing of the followings: (3* 10 points)
- Pulse amplitude spectrum of a gamma-radiating isotope at two different voltages put on the photomultiplier (in  common coordinate system)
- The dependence of anode current on the voltage connected to the ionization chamber, name of ranges
- Emission spectrum of x-radiation at two different accelerating voltages (in  common coordinate system), when characteristic radiation is present at both voltages
7.  Characterization of receptor potential and action potential; psychophysical laws. (24 points)
