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Forces:
The foree on a charge ¢ moving with wlocdty ¢ in a
magnetic field # is

£'1=qu}th

amd the foree on a differential segment dt_rfﬂrry'[ng current
I is

diF = 1dl % B

Magnetic Fluax:
Magnetic Hux i definesd analogously to electric Hux
(see formula sheet 1)

"1:"3 =fﬂ-dj

The magnetic Hux through a closed surface seema to be

EOh
f&-m-i’:n

Magnetic dipoles:
A current loop creates a magnetic dipole 7 = 1.4 where
I ia the current in the loop and A & a vector normal to

the plane of the loop and equal to the area of the loop.
The torgue on a magnetic dipole in a magnetic biceld is

'F=;T:H:.I'.-'E

Biot-Savart Law: .
The magnetic held d produced at point P by a dif-
ferential sepment di carrying current § is

- pgldlxF
di = —
ir ¢

where ¢ points from the segment di to the point M.

Magnetic field produced by a moving charge:
similarly, the magnetic field produced at a point P by
A moving charge i

H===
Ampere’s Law: (without displacement current)

f B dl=pgl

Faraday’s Law:
The EME prodocssd in a clsed loop depends on the
change of the magnetic Hux through the loop
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When an EMF i produced by a changing magnetic thix
there is an induced, nonconservative, electric feld & such

that
it i e A g o g
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it A

Mutual Inductance:
When a changing current ) in circuit 1 causes a chang-

ing magnetic Hux in cireuit 2, and viee-versa, the induaeed
EMF in the circuits is

i ity . alig
=—M2' and £ = M2
ta dt : dt

where M i\ the mutnal inductance of the two loops
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where 1Y; I8 the numbser of loops in circuit £

Self Inductance:
A changing current § in any circuit generates a chang-
ing magnetic icld that induces an EMFE in the circuit:
E LEH
—

where L ia the self mductance of the circuit

i
L=n=2Z
i
Eor example, for a solenoid of NV turns, length @ area A,
Ampere’s law gives I = jug(N /)i, so the finx iz ¢y =
pa( N /1)iA, and a0
N2

LK Circuits:

When an inductor L amd a resistance A appear in a
simpe circuit, exponential energizing and de-enengizing
time dependences are found that are analopous to those
foundd for B -circnita. The time constant 7 for enengizdng
an LM civenit is

bt} L
R
LL7 Cireaits:
When an inductor L oand a capacitor (O appear in a

sime cirewit, sinnsoidal corrent cacillation s found with
frequency  f such that

2xf =

Sha
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Capacitance:

A capacitor is any pair of conductors separated by an
insulating material. When the conductors have equal and
opposite charges () and the potential difference betwesn
the two conductors is V., then the definition of the ca-
pacitance of the two condoctors is

()

(/= =—
L

The enerey stored in the electric beld ia

1
U=y
o

If the capacitor is made from parallel plates of area A
peparated by a distance d, where the size of the plates is
mukch greater than d, then the capacitance ia given by

= epAfd

Capacitors in serics:
1
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Caparitors in parallel:

O =0 + 5+

If a diclectric material i8 inserted, then the capacitanee
increases by a factor of K where K is the dielectric con-
gtant of the material

{'=Klqa

Current:
When current ows in a conductor, we dehine the cur-
rent a5 the rate at which charpe pasaes:
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We dehine the curment density as the current per unit area,
amd can relate it to the drft velocity of charge carriers

by
J = wugiiy

where .1 18 the numbser density of charges and ¢ is the
charge of one charge carrier.

Ohm’s Law and Hesistance:

Chm's Law states that a current density J in a material
is proportional to the electric field &, The ratio p = E/J
ig called the resistivity of the material. For a conductor

with cylindrical cross section, with area A and length L.,
the resistance N of the conductor is

_ ol
A

A current | fiowing through the resistor K produces a
potential difference V' miven by

i

V=IH/
Resistors in series:
Moy = My + Ha + .

Hesistors in parallel:

Power:

The power transferred to a component in a circuit by
a current [ =

=¥l
where V ois the potential difference across the component.

Kirchhoff’s rules:
The alpebraic sum of the currents into any junction
st be mero:
Y 1=u

The algebraic sum of the potential differeneces aroond
any loeop must be zero.

} v=0

RO Circuits:

When a capacitor (7 is charped by a battery with EMPF
given by £ in series with a resistor K, the charge on the
capacitor is

g(t) = CE {1 - E-um.-}

where £ = 0 18 when the the charging starta.

When a capacitor (7 that is initially charged with
charpe (Jp discharges through a resistor K, the charpe
on the capacitor is

alt) = Qe /"0

where £ = 0 i8 when the the discharging starta.



