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Q1. Magnetic field B induced at the origin by a curve C (given by the position vector )
carrying a steady current I in the direction of the curve C is given by the Biot-Savart Law:
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Here p, is the permeability of the vacuum. Let the curve C be the circle with radius a and
center on the z axis at a distance b from the origin and contained in a plane parallel to the
xy plane. The direction of the curve is clockwise when observed from the origin. Find the
magnetic field induced at the origin.
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Q2. In Quantum Mechanics the wave function for the 1s orbital of the Hydrogen atom is
given by

e—r/a
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Y(r, ¢,0) =
vma?3
where a is the Bohr Radius. Note that 12 is a Probability Density Function (PDF)
p = p(u, v,w) and the probability of u > c is given by P(u > c) = [[f, pdV where V is
the region corresponding to u > c. Find the probability of finding the electron outside
twice the Bohr Radius, i.e. P(r > 2a).
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Here g, is the permittivity of the vacuum. Find the flux § E - dS though a sphere of radius a.

Q3. The electrostatic field E by a charge Q placed at the origin is given by E =
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Q4. The Einstein Field Equation in General Relativity is R;; — %Rgij +Agij = %Tij.

C4'
Here g;; are the components of the Matric Tensor(which is a symmetric Matrix) defined as

du
ds? = ||dr||* = (du dv dw)g (dv)
dw
where r = r(u, v,w) is the position vector. Find g for the spherical polar coordinate

system (7, ¢, 0).



