








Solutions to problems 5 and 6

5. Below are the four Maxwell equations.

(i)

I
~E � d ~A = Qenclosed

�0

(ii)

I
~E � d~̀= � d

dt

Z
~B � d ~A

(iii)

I
~B � d ~A = 0

(iv)

I
~B � d~̀= �0Ienclosed + �0�0

d

dt

Z
~E � d ~A

What are the names/people associated with these four laws?

(i) Gauss�s Law, (ii) Faraday�s law, (iii) Gauss�s law for magnetism, (iv)
Ampere�s law (as modi�ed by Maxwell).

Which of the two originated from Coulomb�s law? (i) and (ii)
Which of the two originated from the Biot-Savart law? (iii) and (iv)
Which is known as Ampere�s law? (iv)
Which is Gauss�s law? (i)
Which is sometimes called "Gauss�s law for magnetic �elds?" (iii)
Which is Faraday�s law? (ii)
Which of the four laws was modi�ed by Maxwell on purely theoretical

grounds? (iv).

5. Electromagnetic waves travel at a speed given by
q

1
�0�0

in free space.

Insert the values of �0 and �0 and calculate the speed in meters per second (and
also in miles per second).

�0 = 1=(4� � 9� 109) C2=Nm2
�0 = 4� � 10�7Ns2=C2q

1
�0�0

=
p
9� 1016m2=s2 = 3� 108 m/s
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