StemNRICH Problems – Physics
Levels of Bohr
	The energy levels of the electrons in a hydrogen atom, according to the Bohr model, are given by:



Where  and  are the mass and charge of the electron,  is Planck’s constant and  is the permittivity of free space.

1. This expression draws together many of the fundamental constants involved in quantum mechanics. What are all the S.I. units of these constants?
2. Using just the quantities in this expression, is it possible to create a dimensionless quantity?
3. Can you make a quantity with dimensions  or  using these quantities?



	Part 1:



	Quantity
	Symbol
	Value
	Unit

	Mass of electron
	
	
	

	Charge of electron
	
	
	

	Planck’s constant
	
	
	

	Permittivity of free space
	
	
	



	Part 2:



A dimensionless quantity is a quantity without units – a ‘pure number’. The quantities in the expression must therefore be combined so that their respective units cancel out. This is easiest to achieve if all the units are expressed in terms of the base S.I. units, rather than derived S.I. units, since this allows them to be easily compared:

	Quantity
	Symbol
	Derived unit
	Base unit

	Mass of electron
	
	
	

	Charge of electron
	
	
	

	Planck’s constant
	
	
	

	Permittivity of free space
	
	
	

	Energy of energy level
	
	
	



Now, it can be seen that a dimensionless quantity can be created as follows:








	Part 3:



Quantity with units  (Tesla):
Again, it is simpler to find the quantity when the units are all expressed in S.I. base units. Tesla are derived units with the following base unit expression:
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Therefore, the following combination of quantities will have units of Tesla:





Quantity with units  (Litres):
Litres are not an S.I. unit, but can be expressed in terms of an S.I. unit as follows:



Therefore, the following combination of quantities will have units of Litres:






