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Full marks can be obtained for complete answers to the two questions.
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1. Consider the infinitesimal line element,

ds2 = gµνdx
µdxν = dx2 + dy2.

(a) Write the metric gµν and its inverse in an explicit matrix form.

[2 marks]

(b) Find the set of independent transformations of the form

x → x+ ǫA(x, y)

y → y + ǫB(x, y) ,

where ǫ is an infinitesimal constant and the functions A and B have to be
determined by the requirement that ds2 is invariant. State what each transfor-
mation represents in space time.

[18 marks]

2. (a.) Show that the substitution of the Lagrangian

L = −

1

4
FµνF

µν
− jµAµ

into the Euler Lagrange equation for Aµ give the Maxwell equation

∂µF
µν = jν

where F µν = ∂µAν
− ∂νAµ. Hence show that the current jν is conserved.

[15 marks]

(b.) With the addition of the term 1

2
m2AµA

µ, show that the modified
Lagrangian leads to the equation of motion

(∂µ∂
µ +m2)Aµ = jν .

[5 marks]
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