PHY294H

Professor: Joey Huston
email:huston@msu.edu

office: BPS3230

Homework will be with Mastering Physics (and an average of 1 hand-
written problem per week)

+ Help-room hours: 12:40-2:40 Monday (note change);
3:00-4:00 PM Friday

+ hand-in problem for next Wed: 31.79
Quizzes by iclicker (sometimes hand-written)
Final exam Thursday May 5 10:00 AM - 12:00 PM 1420 BPS
Course website: www.pa.msu.edu/~huston/phy294h/index.html

+ lectures will be posted frequently, mostly every day if | can
remember to do so
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Biot-Savart law in terms of currents

We have written the B-S law
in terms of a charge AQ
moving with a velocity v
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But it’ s usually more
convenient to define in terms
of a current |
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(a)

Charge AQ in a
small length As of a
current-carrying wire

(b) The magnetic field of the
short segment of current is
in the direction of As X 7.




Magnetic field from a current in a straight wire

® \Ve want to calculate the
magnetic field at point P,
which we have chosen to be
on the y axis, from a current |

We will apply the Biot-Savart
law to a section of the wire Ax
and then integrate over the
entire length of the wire

Note that from the right-hand
rule that the resulting
magnetic field (at point P) is
out of the plane of the page

y

-0 Identify the point at which to calculate the field.

o et AR O B, due to segment k is
S R .
out of the page at point P.

d . Segment k
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@ Establish a coordinate system. @ Divide the wire into segments.
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Example

® Suppose [,=6.69 A
and 1,=5.40 A

® \What is the magnetic
field at point P (3.79
m, 2.14 m)?
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iclicker question

A long, straight wire extends into and out of the screen. The
current in the wire 1s

A. Into the screen.

B. Out of the screen.

C. There 1s no current
. . O
1n the wire. !

D. Not enough info to
tell the direction.



iclicker question

A long, straight wire extends into and out of the screen. The
current in the wire 1s

A. Into the screen.
B. Out of the screen.
. There 1s no current
C no 0
1n the wire. !

D. Not enough info to
tell the direction.



Iclicker question

What is the direction of the magnetic field at the position
of the dot?

Into the screen.
Out of the screen.

Up.
Down. ) @\

Left. v into screen

Mmoo



Iclicker question

What is the direction of the magnetic field at the position
of the dot?

A. Into the screen.
B. Out of the screen.

C. Up. o @
D. Down. \

E. Left. V Into screen



B from a current loop

(a) A practical current loop ® Put the loop in the xy plane
and the axis of the loop along

'\I the z axis

y
0 = 90° | Segment k, length As

(b) An ideal current loop

N

Segment j

=T

® Consider segment k; direction
of B, is given by the cross
product AS,xf; B is
perpendicular to both As, and
I\A to A
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B for a coll

u, NI
coil ,center = 2 R

It’s very easy to confuse this
formula for the one for the B field from a
long straight wire. No m here.

B

coil

@3.14.15 9:26:53
DAY OF THE CENTURY
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Magnetic field from a loop of current-3D

To find the direction of the field,
you can stick your thumb (right
hand) in the direction of the
current, and your fingers will curl
in the direction of the magnetic
field lines

+ can be painful but works in
general

...or you can curl your hand in the
direction of the current and your

thumb will point in the direction of
the field

¢ less painful but works only in
the center of the loop

Field along the z-axis is given by
u, IR

coil

z—axis 2 2 \3/2
2 (Z +Rcoil)

In general case, calculation is
pretty difficult

(a) Cross section through the current loop

i
\

demo

(b) The current loop seen from the right

The field emerges
from the center of

the loop. ™,

The field returns
X .
around the outside

.
id




Electric Currents Create Magnetic Fields

Along, straight wire -+ cuTTent loop
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B = loop 2 (Z2 +R2)3/2

B field at the center
(z=0) of a coil is:
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iclicker question

In what direction does the B field point at
the center of the loop (point P)?

I=30A

A.To the right
B.To the left
C.Into the page
D.Out of the page




iclicker question

In what direction does the B field point at

the center of the loop (point P)?
I=30A

A.To the right
B.To the left

C.Into the page
D.Out of the page




Iclicker question

The magnetic field at point P is zero. What is
the magnitude of the current in the lower wire?

‘ u STV A. 100 A
4.0 cm B. 50A

( De— C. 25A
4.0 cm ?A D. 10A

pe E =&£ E. 5A



Iclicker question

The magnetic field at point P is zero. What is
the magnitude of the current in the lower wire?

‘ ‘_ T A. 100 A
4.0 cm B. 50 A
( . D4— C. 25A
4.0 cm A D. 10A
X ® o . )
( \ ’ Bwire =&£ E 5A
B from B from 21Tt d

top wire bottom wire



Compare the magnetic field lines from coil and magnet

Both are magnetic dipoles

(a) (b) (c)



Dipoles

(a) Current loop

® A (flat) permanent e Y
magnet and a current ()

HEN(O

Qo
> 4

IR’ -
MO coil Whether it's a current loop or a permanent

magnet, the magnetic field emerges from

z—axis 2 (Z2 +Rc20il)3/2 the north pole
(b) Permanent magnet
® | et z>>R, then we
can write - \(w
w IR, u IaR%, o 2IA s

coil coil

Z—axis 2 Z3 2.77: Z3 47_[ Z3




Dipoles

® Define magnetic dipole o _ _
moment of maanitude u=IA The magnetic dipole moment 1s perpendicular
_ g w ’ to the loop, in the direction of the right-hand
then | can write the magnetic e The magnitude of /i is AL

field for a current loop along
the axis of the loop as

—> 2_>
Bz—axis = Mo ‘L;
4 7

Loop area A

+ where the direction of (' is
the direction of B (from
south pole to north pole)

® Remember that for the electric
dipole, the field along the axis

IS given by .

— 1 2p

- 3

Z—axis

dre 2



Example

® The earth’ s magnetic dipole
moment is 8.0X10%2 A'm?

Axis of
Magnetic axis  rotation
South \ i)
¢ Suppose the currentisin a
ring of radius 2X10° m (in

geographic
magnetic \\

pole
) pOlC Yl:/
Geographic \
equator “
the molten interior); what
is the current?

| =
\
\

‘?\ North

South
geographic

magnetic
nole nole




Ampere’ s law

® \We could use Coulomb’ s law to
calculate the electric field for any
charge configuration, but we
found that using Gauss’ law was
much easier for situations where
there was a great deal of
symmetry

® Similarly we can calculate the
magnetic field from any
configuration of currents using the
Biot-Savart law, but we can
calculate the magnetic field for
symmetric situations much easier
with Ampere’ s law

® Gauss’ law involves a surface
integral; Ampere’ s law involves a
line integral

Andre Ampere



Line integral

® Suppose | have a
magnetic field in a
region of space and |
want to integrate the
dot product of B and
s along the path from
i tof

® Then | get

-, 5, .,
ZB,{,AS,{%[B,LZS

(a) /

The line passes through a magnetic field.

(b) Magnetic field at segment k

Displacement of segment k



Line integrals

® In general this line
iIntegral can be quite
complex

® However, like for Gauss’
law, we only use it only
simple situations,
especially when B-ds=0

and B-ds=Bds
(b) Magnetic field at segment k& ¢

8
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Displacement of segment k



Ampere’ s law

® So Ampere noted that
the electric field from a
long straight current was
given by

w1
2md

® ...and that the field was
everywhere tangent to a
circle with radius d

® In this case, it’ s easy to
evaluate an integral
around the entire circle

951?.55 - BQrd) = w1

B=

The integration
path is a circle
of radius d.

The integration starts and
stops at the same point.

B

N

B 1s everywhere tangent to
the integration path.



Remember Gauss’ law

® The integral over the
closed surface did
not depend on the
shape/volume of the
surface, only the

Every field line passing through the

Ch a rg e e n CI OS e d smaller sphere also passes through the

larger sphere. Hence the flux through
the two spheres is the same.

enclosed T'he integration T'he integration starts and
I ’ ° dA — path is a circle stops at the same point.

s a circ
of radius d.

o

® A similar result holds
for Ampere’ s law

EP_B ds = Wol orctosea

B

B is everywhere tangent to
the integration path.



