PHYSICS « CLASS 12

Moving Charges
and Magnetism

CHAPTER NOTES




MOVING CHARGES & MAGNETISM

Field sources, Lorentz force & particle motion
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@ OERSTED & FIELD SOURCES |

A curren’c-carrging wire produces
a magne’cic field and deflects

a nearbg compass.
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anticlockwise

B is Jcamgen‘c to concentric circles
around a long straigh’c wire.

Use the righ’c-hand thumb rule.

:
@ LORENTZ FORCE

Electric and magnetic fields
exert force on a charge:

F=q(E+VxB)
2

+q v
® B
For V perpendicular to B:
Fgz = |lq|vB.
Magne’cic force is perpendicular

to Vv and B. Its direction
reverses for negative q.
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@ CHARGED-PARTICLE MOTION

For v perpendicular to a uniform B:
circular motion.
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If both perpendicular and parallel

velocitg components are nonzero:
helical motion.

If vis parallel to B: s’craight—line motion.
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MOVING CHARGES & MAGNETISM

Fields due to cur?ents, loops & galvanometer

e Field due to a current element:

= Mo I(df x #)
dB = 47 Fz
P
;\_ ,;r® dB (out of page)
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® For a very long s’cralgl\t wire in vacuum:
B = Yo I
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o Field direction: right-hand thumb rule.
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@ BIOT-SAVART & STRAIGHT-WIRE FIELD

@ LOOPS, SOLENOIDS & FORCES

e A current loop loelno.ves as a magr\e’clc

ollpole

® The moment is normal to the loop.

® A solenoid prooluces a magne’clc field
along its axis.

® For two long Parallel wires: 4, AL
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® Same-direction currents attract;
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opposite-direc’cion currents repel.
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(6) TORQUE & GALVANOMETER '
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® ’l'=,u.><B;
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T = uBsinf. |

@ @ is the angle between ji and B.
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o A moving-coil galvanomel:er uses
Jcorqvuw, on a currenl:—carrging coil
to indicate current.
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OERSTED, FIELD SOURCES & VECTOR SIGNS

Oersted observation, page sgmbols & right-hand rule

1) OERSTED OBSERVATION

® A current-carrying straight wire deflects a nearby
magnetic compass.

o The compass aligns with the local resultant field; when
the wire’s field dominates, the needles are tangent to
circles around the wire.

e For a very long straight wire, the field increases with
current I and decreases with distance r: |B| x I;
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e Reversing I reverses B and the compass deflection.

I out of page ((®) I into page (Q)

(L __B)

\

2) PAGE VECTOR SIGNS

O
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3) RIGHT-HAND GRIP RULE
e Point the right thumb along

conventional current I.

means out of the page:
the arrow comes towards you.

means into the page:
the arrow goes away from you.

o Curled fingers give the direction

of B around the wire.
e I out of page ((®) — B anticlockwise.
T into page (QR) —

B clockwise.




QOERSTED, FIELD SOURCES & VECTOR SIGNS

Source — field — test object

y© : S N
(a) Electric case (static charge)
creates = acts on - =g
(@ > £ - (9 Fe =qE
Source charge Electric field Test charge
(static charge) (at a point) (in the field) J
r - . N\
(b) Magnetic case (moving charge / current)
\4 —» —
creates = acts on —i —>
(D N - () Fg = 4(V x B)
(moazwcciar . Magnetic field Moving test charge
L o c?;rrent (at a point) (in the field) {
( GENERAL NOTES 1
e E and B are physical vector fields. They can carry energy and momentum.
o Fields obey vector superposition: By o= > B,
_ ® This chapter treats steady currents and time-independent fields unless stated otherwise.
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