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Maxwell's equations are a set of four partial differential equations that, together with the Lorentz force law, form the foundation of classical electrodynamics, classical optics, and electric circuits. These in turn underlie the present radio-, television-, phone-, and information-technologies.

1.  Gauss'Law for the Electric Field
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2. Gauss' Law for the Magnetic Field
[image: image2.png]Flux=®p=B-d5=0





3. Faraday’s Law
[image: image3.png]Flux =®p = [ B-dS 20




4. Ampere's Law with Conservation
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[image: image5.png](a) The resonant frequency for the circuit is given by

gl L1 L 5033Hz (12.9.16)
27 22VIC T 274[100x107 H)(100x107 F)

(b) At resonance. the current 1s

1004 (12917




[image: image6.png]The circuit is shown in figure X 11. and. once again. 1t 1s important to take care with the signs.
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FIGURE X.11
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If+Q s the charge on the left hand plate of the capacitor at some fime (and ~ the charge on the
sight hand plate) the cusrent / in the direction indicated is ~ and the potential difference across
the plates is O/C. The back EMF is i the direction shown, and we have
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[image: image7.png]This can be written o 10133

which is simple harmonic motion of period 27/IC.  (verify that this has dimensions of fime.)
Thus energy sloshes to and fro between storage as charge in the capacitor and storage as current in
the inductor.





[image: image8.png]We'll suppose that at some instant the x, y and = components of the velocity of the particle are u, ¥
and w. We'll suppose that these velocity components are all nonrelativistic, which means that m is

constant and not a function of the speed. The three components of the equation of mofion (equation
8.4.1) are then

mii = qBu. 842
mi = ~qBu + gE 843
and v = 0 844

For short, I shall write g Bm = o (the cyclotron angular speed) and, noting that the dimensions of
EIB are the dimensions of speed (verify this!), I shall write E/B = Vp, where the significance of the
subscript D will become apparent in due course. The equations of motion then become

i = ov, 845

-0 - 7) 846

and

o 847

To find the general solutions to these, we can, for example, let ¥ = u — Vo, Then equations 8.4.5
and 8.4.6 become X = @ and © = — 0X.  From these, we obtain &' = ~@°X. The






[image: image9.png]general solution of this 1s X' = Asm(er + o), and so v = Asm(of + o) + V. By imntegration
and differentiation with respeet to time we can find x and ¥ respectively. Thus we obfain

x = —Zcost@r + @) + e + D, 8438
)

u =i = dsinorto) + 7 849

and Aocos(@r+a), 84.10

Similarly we can solve for y and z as follows:

y gsmmu @+ F. 8411

Acos(@r+a), 84.12

§ = —Aosin(or+a), 8413

z= oWtz 84.14

8415

and 8416

There are six arbitrary constants of integration, namely 4 . D , F, o, 20 and w, whose values
depend on the initial conditions (position and velocity at 7 = 0). Of these, zo and wo are just the






[image: image10.png]ininial values of = and w. Let us suppose that these are both zero and that all the motion takes place
in the xp-plane.

In these equations 4 and o always occur in the combinations 4 sin 0. and 4 cos ¢, and therefore for
convenience I am going to let 4 sin o = S and 4 cos o = C, and I am going to re-write equations
848,849,84.11 and 84.12as

x = -L(Ceosor ~Ssinen) + Vit + D, 8417
)
u = Csinor + Scosor + 7, 8418
y Csinor + Scosor) + F, 8419
and Ccosar ~ Ssinor 8420





[image: image11.png]Let is suppose that the initial conditions are: at £ =0, x =5
theput these niial conditons
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Itis worth reminding ourselves here that the cyclotron angular speed is © = gBim and that Tp =
E/3, and therefore 'Z' ;’%
more on the cycloid, see Chapter 19 of the Classical Mechanics notes in tis series) The motion is
circular motion in which the centre of the circle difs (hence the subscript D) in the r-direction at

These equstions are the paramerric equations of a cycloid. (For

speed ¥o. The patis shown in fgure VIIL2, drawn for distnces in it of -2 %
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5. 





a. Any circuit seen from two points can be replaced by a series of an ideal voltage source of voltage VTh and a resistor of resistance RTh. VTh is the voltage difference between the two point of the original circuit. RTh is the resistance seen from these two points, short-circuiting all the ideal voltages generators and open-circuiting


all the ideal current generators.


b.











[image: image12.png]I strongly recommend that you compare and contrast this derivation and the result with
the treatment of the electric field on the axis of a charged ring in Section 1.6.4 of Chapter
1. Indeed I am copying the drawing from there and then modifying it as need be.



[image: image13.png]FIGURE VL6

begin with, however, we'll start with two coils, each of radius a, separated by a distance
2.

There are N turns in each coil, and each carries a current I

The field at P is

67.1




[image: image14.png]At the origin (v = 0), the field is
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(What does this become if ¢ = 07 Is this what you'd expect?)
If we express B in units of 1V/(2a) and ¢ and x in units of a, equation 6.7.1 becomes

Bo——1 . L __ 674
O+e-0T° [O+E+xT"

Figure VL7 shows the field as a function of x for three values of . The coil separation is
2. and distances are in units of the coil radius a. Notice that when ¢ = 0.5, which means
that the coil separation is equal fo the coil radius, the field is uniform over a large range.
and this is the usefulness of the Helmholtz amrangement for providing a uniform field. If
you are energetic, you could try differentiating equation 6.7.4 twice with respect to x and
show that the second derivative is zero when ¢ = 0.5
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For the Helmholtz arrangement the field at the origin is ——

FIGURE VL7
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[image: image16.png]Maxwell predicted the existence of electromagnetic waves. and these were generated
experimentally by Hertz shortly afterwards. In addition, the predicted speed of the waves was
3% 10° m s~ the same as the measured speed of light, showing that light is an electromagnetic

wave.

In an isotropic, homogencons, nonconducting, uncharged medium, where the permittivity and

permeability are scalar quantities, Maxwell's cquations can be written

V.E=0
V.H=0
VxH = ¢E
VXE = —pH.

Take the curl of equation 15.9.3, and make use of equation 15.6.4:

graddv H - V'H = E%cm‘l}'_
E

Substitute for div H and curl E from equations 15.9.2 and 15.9.4 to obtain
VH = eufi

Comparison with equation 15.1.2 shows that this is a wave of speed 1/ Jen
the dimensions of speed.)

1596

(Verify that this has
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