10th lecture

The magnetic field of the direct current 
I. The magnetic field of the direct current. Experiments by Oersted and Ampère 
Ampère’s circuital law in its global form
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Ampère’s circuital law  in local form 
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II. Magnetic field of a solenoid. Measurement of H by compensation with the magnetic field of solenoid 
Magnetic field of a current flowing in an infinitely long straight conductor
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as the magnetic field H and the displacement dr are parallel their scalar product is equal to the product of their absolute values:

H(dr = (H(((dr(.

Moreover as the absolute value of the magnetic field strength is the same along the circle thus it can be moved out of the integral 
(H((
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The sum of the small (dr(displacements  is the circumference of the circle with radius R, thus  
(H(2R( = I      that is        (H(= I/2R(.

Thus the magnetic field H of an infinitely long straight conductor is proportional with the current I flowing in the conductor, inversely proportional with the distance R and its direction is tangential to the circle of radius R. 
Magnetic field of a helical coil (solenoid)  


The solenoid is an electric conductor wound as a helix with small pitch. To derive a formula for the magnetic field strength inside a solenoid we apply two approximations.

i)  It is a good approximation if we assume that within the solenoid the magnetic field H is homogeneous  and it is parallel to the axis of the helical coil. (This approximation is problematic only at the two ends of the solenoid where the H lines diverge, thus the field is inhomogeneous there. In the case of a long coil these are relatively small regions, however. )
ii) According to the second approximation we neglect the magnetic field outside of the solenoid. (The magnetic field outside is much smaller than inside. )


Now let us regard a closed curve which passes along the axis of the solenoid leaves the axis at the end of the coil to go around outside and returns to the axis again at the other end of the coil. If we write Ampère’s circuital law for that closed curve then along the axis we can write again that  H(dr = (H(((dr(, while outside of the coil the path integral is zero, thus
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where L is the length of the solenoid and n is the number of the turns in the coil. (This is because the current I goes through the closed curve n times.)
Measurement of the H field with the aid of a solenoid 

In the previous paragraph we could see that inside of a solenoid a homogeneous magnetic field is established the direction of which is determined by the right hand rule and its magnitude is 

H = n(I/L.

The above properties of the magnetic field within a solenoid can be applied (together with a null detector) to measure an unknown magnetic field with compensation. This is because when an unknown field is cancelled out by a known one then we can conclude that the unknown field has the same magnitude like the known one but its direction is opposite. (Naturally this measurement can be inconvenient because to achieve a compensation we have to change both the magnitude of the current and the direction of the axis of the solenoid. But presently we only want to find a theoretical method to measure H. In a next step we can construct instruments which work also based on this principle,  but which are more easy to use.
The role of the null detector.

III. Laplace’s law for the magnetic field of a current element and the law of  Biot and Savart
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Derivation of Coulomb’s law and Laplace’s elementary law from Maxwell’s equations

(Reading)

Derivation of Coulomb’s law from Maxwell’s equations
Derivation of Laplace’s elementary law from Maxwell’s equations 

IV. Lorentz force: the effect of the magnetic field on a conductor with current  

Experiment: pendulum 
(F = I [(l ( B].

Derivation of the „FIB rule”
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dFdl,p = -dFp,dl
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V. The effect of magnetic field on a frame with current. Measurement of B with a magnetometer
Experiment: current loop in a magnetic field
M = I[A(B],

nM = nI[A(B].

Mmax = nIAB

VI. The local form of the FIB rule. The effect of the electromagnetic field on a moving charge. Lorentz’s force law
Experiment: magnetic force on the cathode ray
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F = Q([v (B] + E ),
f = [j(B] +(E.

VII. Interaction between currents. Definition of the Amper as a unit of the electric current
Experiment: double pendulum
VIII. Measurement of H and B. Summary
Measurement of H and B in vacuum
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Measurement of H and B inside materials 
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