Question 1.

An infinitesimal current element I dl is located at the point x = 0.05m, y =0, z = 0 in a Cartesian coordinate system. The current element points in the direction of the positive z-axis and has magnitude 2 x 10-6 A m. calculate the magnitude and direction of the magnetic field due to this current element at the point x = 0.1m, y = 0, z = 0.2 m.

My thoughts are….

(Would I need to be using the Biot-Savart field law for this question, i.e,
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Where,
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Where the 
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element can tell me how to find the magnetic field at any point in space? If so the distance between the current element and the point at which the field is measured is 
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and the unit vector pointing towards r from r0 is 
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. Therefore my previous equation would become,
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Please can you tell me if this is the correct route to take, and then work through the question for me. Thank you)

Question 2

Consider two long straight, parallel wires. One wire is located along the z-axis of a Cartesian coordinate system, the other intersects the z = 0 plane at the point x = D, y = 0 (D > 0). Each wire has radius a (where a < D) and each carries current I in the ez –direction. The current density is uniform in each wire. Apply the principle of superposition to determine the magnetic field B at the point (x, 0, 0), where 
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. Distinguish between the cases 
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My thoughts are…

(I know that the principle of superposition tells me that the total magnetic field at any point is the vector sum of the magnetic field contributions produced by all current elements. However in this question i think I need to be using Ampere’s law, i.e
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(Where S is any open surface and C is its perimeter)

Not the Biot – Savart field law? Also as the two wires are described as ‘long’ I take this as an invitation to approximate the fields. Next as the current density is uniform in the wires, then 
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So am I right in thinking that the total current passing through one wire would be,
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?. If so, please can you show me how to complete the question including full use of the principle of superposition, I am also struggling to visualise the arrangement of the wires in this case please can you just do a quick diagram to show this, thank you).

Question 3

A vector field is given by the expression,
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(eq.1)

Where A > 0 is a constant.

a) 

Could this vector field represent an electric field?

(Hint: Rewrite E in spherical coordinates)

My thoughts are…

(Would this then be rewritten as?
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Which would be,
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However I don’t think you need the hint on this one as the electric field E would represent a force at a point F(x, y, z) which seems to me to be a description of a the electric field of a point?) 

b)

Show that if E is an electric field the corresponding electrostatic potential can be written as,
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My attempted answer is…

(I think in this case that equation 3, above, 
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(1)

Can be rewritten as,
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Or,
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(3)

This is where I am getting confused? Please can you elaborate? Thank you)

c)

A particle with mass m and electric charge q < 0 executes a circular orbit in the z = 0 plane, with centre at the origin and radius R0. The particle moves anticlockwise (as seen from above the z =0 plane) with constant speed,
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(1.1)

such that the electric force provides the required centripetal acceleration. The electric field is then replaced with a uniform magnetic field B. Calculate the direction and magnitude of B so that the circular motion of the particle remains unchanged.

My thoughts are…

(I think this question may have something to do with the conservation of electrostatic fields? In this case please can you draw a quick diagram of the system to help me visualise it?) 
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