PHY 238Y - LIFE SCIENCES II

MID-TERM TEST #1

                                                       November 13, 2001              

                                                       Time: 50 minutes

        NAME:______________________________ STUDENT NUMBER___________

        Calculators may be used. All sub-questions have approximately equal mark  

        value, but may not be of equal difficulty.

         Formulae:                                             Constants:

        Ideal Gas Law: 
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                 Universal Gas Constant R= 8.31 J mole -1 K-1

        Osmotic Pressure:  ( = cRT,   c=n/V    Absolute Temperature: T(K) =273.15+ T(oC)
        Continuity equation: Av= const            Atmospheric pressure =1.013 x 105 Pa

        Reynolds number: N R =
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            Viscosity of water= 1.005 x 10-3 Pa s

                                                                       Density of air = 1.19 kg/m3 

        Poiseuille's law:  
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            Density of water = 1000 kg/m3

                                                                                                             Density of Blood = 1059.6 kg/m3

        Laplace's law:  
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                     Surface tension of water = 7.28 x 10-2 N/m.

         Hydrostatic presuure: P=(gh               Volume of sphere: 
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      A mole of a substance  is an amount whose mass in grams is numerically equal to the    

     molecular mass in atomic mass units.
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                                                           QUESTIONS

            Q1

             (a) What is the osmotic pressure of a brine solution with an ion concentration of  

             150 moles m-3 separated by a semipermeable membrane from pure water? 

             Assume Tc=27o C.

             (b) How tall a column of water can this pressure support?

           Answers:

           (a)

           (b)

           Q2.  A spherical balloon is made from a material whose mass is 3.00 kg. The

           thickness of the material is negligible compared to the 1.50-m radius of the   balloon.

           The balloon is filled with helium (He) at a temperature of 305 K and just floats in 

           air, neither rising nor falling. The density of the surrounding air is 1.19 kg/m3. 

           Atomic mass of  He is  4.0026 u.  Find

          (a) the buoyant force acting on a balloon

          (b) the mass of the helium gas present in the balloon

          ( c )  the number of moles of the helium gas present in the balloon

         (d)     the absolute pressure of the helium gas.

          Answers:

         (a)

         (b)

         (c)

         (d)

          Q3. A 1.3-m long segment of  a horizontal pipe has a radius of  6.4 x10-3 m. Water 

          flows with a volume rate of 9.0 x 10-3 m3/s out of the right end of the pipe and into 

          the air. What is the pressure in the flowing water at the left end of the pipe if the

          water behaves as 

          (a) an ideal fluid

          (b) a viscous fluids

         Answers:

         (a)

         (b)

          Q4. The blood in an artery of radius 5 x 10-3 m flows with a speed of 0.15 m/s. This 

          artery sub-divides into a large number of capillaries of radius 5 x 10-6 m. The flow

          velocity in the capillaries is 5 x 10-4 m/s.

          (a) Into how many capillaries do   this artery divide? For part (a) only, treat blood as

          an ideal fluid.

          The viscosity of blood is 2.084 x 10-3 Pa s. Note that flow in tubes is laminar if 

          N R < 2000, and turbulent if N R >3000.  Determine the character of the flow

         (b) in the artery 

         (c) in the capillaries.

         Answer:

        (a)

        (b)

        (c)

          Q5. 

          (a)A soap bubble has a radius of 0.05 m. If the pressure difference between the inside 

          and the outside is 2 Pa, what is the surface tension of the soap film? 

         (b) The vapor pressure of water at 20oC is 2.33 x 103 Pa. Can a water droplet of a 

         radius of 2 x 10-5 m form without evaporating? Explain.

       Answers: 

      (a)

      (b)
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