Kinetic Theory

You will need some of the following information to answer the questions:



r.m.m. for Hydrogen gas 
=
2



R 


=
8.31 JK-1mol-1


NA


=
6.02 x 1023 mol-1


g


= 
9.81 ms-2


SYMBOL 114 \f "Symbol"Hg


= 
13600 kgm-3 
Also 


pV =
 nRT 



p = hSYMBOL 114 \f "Symbol"g 



for air M = 0.029 kg



0 oC = 273 K


s.t.p. means 760 mmHg pressure and 273 K.

1.
10.0 cm3 of Hydrogen is collected at a temperature of 290 K and a pressure of 740 mm Hg.


(a)
What would the volume be at s.t.p.?


(b)
Calculate the pressure, in Pa, at which the gas was collected.


(c)
Calculate the amount (number of moles) of hydrogen present.


(d)
Calculate the r.m.s. speed of the molecules of the hydrogen.


(e)
Calculate the translational kinetic energy of the molecules of the hydrogen.

2.
The r.m.s. speed of the molecules of a certain gas is 500 ms-1 at 290 K.  At what temperature would the r.m.s. speed be equal to the gravitational escape speed of 11.2 kms-1?

3.
A scuba diving air cylinder has a volume of 0.01 m3 and contains air


(of 'r.m.m.' 29) at 100 atmospheres pressure.  It is to be used under water at a constant depth of 10 m.


(a)
What total mass of air is in the cylinder?


(b)
What volume is available to the diver for use at the 10 m depth?


(c)
What mass is available at the depth of 10 m?


(d)
Estimate the length of time that the cylinder would provide air to the diver.  State your starting assumptions clearly.

4.
In order to estimate the speed of a molecule it is decided to attempt to observe how far a horizontally travelling molecule falls under the effect of gravity.  Discuss whether or not this is likely to be feasible.

5.
State 4 of the assumptions made about the behaviour of molecules in an ideal gas.

6.
Using the assumptions referred to in question 1, it can be shown that
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(a)
State what is meant by each of the symbols used in the expression.


(b)
State the units in which each of the physical quantities in the expression is 
measured.


(c)
Show that the equation is dimentionally homogeneous. (i.e., that the units are the same on both sides of the equation)

7.
On a particularly hot and sunny day in France, the pressure is 78 cm of mercury and the temperature is 

27o C.


(a)
Calculate the pressure in Nm-2.


(b)
What is the temperature in K?


(c)
Calculate the volume occupied by 1 mole of air under these conditions.


(d)
What is the density of air under these conditions?
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