Competition in biophysics/medical biophysics 2022.

1. A hypodermic syringe  was filled with drug solution of 1.5 mPa.s viscosity. The cross-sectional area of syringe is 0.8 cm2, the length of the needle is 3 cm, its internal radius is 0.4 mm. The pressure in the vein is 1.9 kPa. How large force should be exerted, if we want to inject  1 ml solution during  2 seconds?

(25 points)

2. Radium decays to radon by alpha particle emission. The emitted alpha particle has a resting mass of about 7*10-27 kg and a kinetic energy of about 4.8 MeV. 
a) What is the velocity of alpha particle?
b) What is the activity of 100 g of 226 Ra? (25 points)

3. The intensity of solar radiation on the Earth’s surface is 520 W/m2. 
a) How much energy is absorbed during 5 hours by spherical tree foliage with a diameter of 20 m, which is able to absorb 85 % of the incident radiation? 
b) Under such conditions 2.7 kg glucose is synthesized in the tree. The molecular weight of glucose is  180 g/mol and photosynthetic glucose production requires 2.8 MJ/mol energy. What percentage of the absorbed energy is utilized for glucose production? (25 points)


4.  During an ultrasound examination the US is reflected from the boundary of muscle and blood flowing in an artery, and arrives back into the transducer with 45 dB damping. The frequency of produced US is 3 MHz. The reflectivity on the boundary of muscle and blood is 0.001, the specific damping in soft tissues is 1 dB/(cm*MHz). The thickness of skin is negligible, the reflectivity on the boundary of skin and muscle is negligible, too. Calculate the distance of artery from the transducer. (25 points)
5. Give short definitions for the following terms (give the unit, where it is possible) 6x5 points)
-  Fluorescence lifetime;  
-  K-electron capture
-  EM: Relative depth dose ED: effective dose EP: exposure rate
-  Population inversion
-  Piezoelectric effect
-  EM, EP: Zeroth law of thermodynamics ED: diffusion coefficient
6. Give the unit of the following quantities (8*2 points)
-  ultrasound specific attenuation
-  radiant emittance
-  half value mass
-  refractive power
-  molar extinction coefficient
-  chemical potential
-  decay constant
-  tissue weighting factor
7. Make drawing of the followings: (3* 10 points)
- Spectrum of Bremsstrahlung (at two different accelerating voltages in  common coordinate system)
- Pulse amplitude spectrum of 137Cs and 51Cr in common coordinate system
- EM: Maxwell velocity distribution (at two different temperatures in  common coordinate system)
ED, EP: Emission spectrum of thermal radiation (at two different temperatures in  common coordinate system)
8.  Energy band structure of intrinsic and doped semiconductors. (24 points)
