VII. Magnetic Fields due to Currents (”F'&ﬁ?ﬁ)
1. Magnetic field (B) due to currents vs. electric field due to charges
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2. B duetoacurrentinalong straight line
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4. Force between two parallel currents
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Note: *Farallel currents attract, and antiparallel currents repel.

5. Ampere’s law

f B . .:1’? = Ppfen, (Ampere’ s law)

Example 1: B outside of a current in a straight line
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And thus

e = (k).
Bh = fyink

8= jyn (ideal solenoud).
where n is the number of turns per unit length.
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Toroid

where N is the total number of turns.

7. A current-carrying coil as a magnetic dipole

& current loop produces a magnetic field like that of &
bat magnet and thus hag associated notth and south poles. The

magnetic dipole moment ;; of the loop, given by a cutled -

straight right-hand rle, poitits from the south pole to the notth
pole, inn the direction of the field E within the loop.




VII1. Magnetic Inductions (#8)

1. Faraday’s law of induction

An emf is induced in the loop when the number of magnetic
field lines that pass through the loop is changing.

The current produced in the loop is called an induced current; the work done per unit charee to produce that
current (to move the conduction electrons that constitute the current) is called an induced emf; and the process of
producing the current and emf iz called induction.

—  —

Magnetic flux: d. = /B +d A (magnetic fluz through area A).

Unit: lweber= 1 Wb= 1T+ m?

*The magnitude of the emf € induced in a conducting loop is equal to the rate at which the magnetic flux @ A

through that loop changes with time.
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2. Lenz’s law

Soon after Faraday proposed his law of induction, Lenz devised a rule for determining the direction of an
induced current in a loop.

A1 induced current has a direction such that the magnetic field due to #5e currest opposzes the change in the
magnetic flux that induces the current.

3. Induced electric field — a restatement of Faraday’s law
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If there is a current in the Cu ring, an electric field must be present along the ring; an electric field is

needed , . . to do the work of moving the conduction
& changing maenetic field produces an electric field. electrons.

So

Exercise: Based on the 2" figure above, show that
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4. Inductors and Inductance

1 C

A capactor (symbol ") can be used to produce a desired electric field.
While an inductor  {s¥mbol G000 1 can be used to produce a desired magnetic field.

Define “Inductance L”:

oot , Where ®g is the magnetic flux, i is the current, and N is the number of turns.
UnitofL: 1 henry =1H =1 T m%A

Exercise: Inductance of a solenoid is
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where | is the total length of the solenoid.

5. Self induction (F1’8%)

If two coils—which we can now call inductors—are near each other, a current Jin one coil produces a magnetic flux & B

through the second coil, We have seen that if we change this flux by changing the current, an induced emf appears in the
second coil according to Faradav's law. An induced emf appears in the first coil as well.

However,
»&n induced emf & 7 Appears in any coil in which the current is changing.

This process is called “self-induction”, and the emf that appears i= called a self-induced emf.
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6. RL and RC Circuits

First, consider an RC circuit for charging process (switch to point a)

—ea g Loop rule clockwise (starting from point a):
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g = C:iﬁ(l —e _ﬁRC) (charging a capacitor). and = = g (charging a capacitor).

So

Also Ve = % = :-@c—ﬁ:(l —e _ﬁRC) {charging a capacitor).

If, then switch to point b for a discharging process:

j—j + % = 0 ({discharging equation).
Thus ¢ = %0¢ —HRC (discharging a capacitor),

] ;= j—f = — (g—%)e —GE {discharging a capacitor).
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We next consider an RL circuit (switch to point a)
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Andthen '~ & ne L (decay of current). Here (L7 R (tine constant).

7. Energy stored in a magnetic field

From Eq. (A) in previous page, we obtain

Ei= L:é% + i%R,

The L.h.s. can be written as € 22/8% anq it corresponds to the rate of energy gained when the charge is
passing through the battery (that is, work done by the battery on the charge). This gained energy is
“consumed” by two processes described in the r.h.s. The first term Li di/dt represents the rate of
magnetic energy (Ug)stored in the solenoid, and the second term iR represents the rate of thermal
energy produced by the resister.

iz i
dUs _ ,.di f Al = / Li di
Thus, &t di gnd ¢ 0 0

which represents the total enerey stored by an inductor L carrving a current £ Note the similarity in form between this
expression and the expression for the enerey stored by a capacitor with capacitance C'and charge &; namely,
2
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(The variable ? corresponds to z;r2 and the constant L corresponds to 1400

) g = le’E magnehc ener
, which results BT o (_a‘gn . &)



