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PETER, I GoOT HE SAYS OH, DON'T WORRY ABoUT IT'S PHYSICS CLASS. I FIGURE
AN EMAIL FRoM YoU HAVEN'T THOSE. I HAVE A PLAN. A BY THE END oF THE YEAR, I'LL
YOUR PHYSICS TURNED IN —1 | PLAN?? \KNOW HOW TIME TRAVEL WORKS.
TEACHER ToODAY. YOUR LAST
THREE LAB

REPORTS.

7MY PLAN 15 To FOCUS ON THE EASIER )

ASSIGNMENTS FOR NOW AND THEN Do
THE HARDER STUFF LATER AND TRAVEL
BACK IN TIME AND TURN IT IN.

4
[ THEY DON'T| WELL, THEN T'LL TAKE IT IN
TEACH TIME \ COLLEGE, Too, IF NECESSARY.
TRAVEL IN -
HIGH SCHooL
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Scores on Test

|
[ Constant 1.831% 0.450
8 —  Mean 86.92+61.53
| Sigma 57.2+59.7
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Much better average than first test —
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But a really wide spread in grades!
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Total Scores

Constant 3.904 + 0.866

: Mean 74.16£2.50

| Sigma  13.32+2.90
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Let’s set aside this force for now, and figure out how you get a “B”
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Magnetic field lines
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Fig.30.5

Magnetic field is Stronger
tangent to magnetic
magnetic field line. field
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Rotational axis
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(a) Opposite poles attract
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(b) Like poles repel
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Breaking a bar magnet in two ...

§

... produces two new poles.
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MACRO, a mile deep under the Apennines
Looked for more than a decade,
saw no monopoles
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Fig.30.10

No current
in the wire

A. B. c.
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Fig.30.12

Upward current Downward current
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Point thumb of ++--.., ,
right hand in the “l
direction of the -‘

current, [, ...

in the direction

of the magnetic (.
field, B. '

.. fingers curl -, ~ II




Fig.30.13
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Fig.30.14
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(a) Perspective view

Right-hand rule for the magnetic field due to
a positive charge moving at constant velocity:
Point the thumb of your right hand in the
direction of the velocity. Your fingers now curl
around the charge in the direction of the
magnetic field lines. (If the charge is negative,
the field lines are in the opposite direction.)

.
.

For these field points, 7 and U %
both lie in the beige plane, and :
B is perpendicular to this plane.
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For these field points, r and v both lie in the
gold plane, and B is perpendicular to this plane.
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(b) View from behind the charge

. The X symbol
indicates that the
charge 1s moving into
the plane of the page
(away from you).

© 2012 Pearson Education, Inc.



(a) Perspective view

Right-hand rule for the magnetic field due to
a current element: Point the thumb of your
right hand in the direction of the current. Your
fingers now curl around the current element in
the direction of the magnetic field lines.

For these field points, r and dl both lie in the %
beige plane, and dB is perpendicular to this
plane. . “oe. s P

.N
la
; d,

For these field points, rand dl both lie in the

gold plane, and dB is perpendicular to this plane.

(b) View along the axis of the current
clement

Current directed into
the plane of the page

@
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If the currents in these wires have the same magnitude but
opposite directions, what is the direction of the magnetic field

at point P?
Direction 1 80%
. Direction 2 ‘1
/3. Direction 3 P
D s O ——
Direction 4 4 l 2
5. Bfieldis zero 3

4%
-
S
1. 2.
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I' caused by each element of
the conductor points into the

plane of the page, as does
the total B field.

T At point P, the field dﬁ
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At point P, the field dB 2.7 X
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the conductor points into the , L) =
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the total B field.



Right-hand rule for the magnetic field
around a current-carrying wire: Point the
thumb of your right hand in the direction of the
current. Your fingers now curl around the wire
in the direction of the magnetic ﬁel.d lines.
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Biot-Savart worksheet
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