Exam 2: Tuesday, March 21, 5:00-6:00 PM

Test rooms:
e |Instructor Sections Room
e Dr. Hale F H 104 Physics
e Dr. Kurter B, N 125 BCH
e Dr. Madison K, M 199 Toomey
e Dr. Parris J, L B-10 Bertelsmeyer*
e Mr. Upshaw A CEG G-3 Schrenk
e Dr. Waddill D 120 BCH
e Special Accommodations Testing Center
(Contact me a.s.a.p. if you need
accommodations different than for exam 1)
*new room

Exam 2 will cover chapters 24.3 to 27
(energy stored in capacitors to forces and torques on currents)







Magnetic Field of a Current Loop

A circular ring of radius a carries a current | as shown.
Calculate the magnetic field at a point P along the axis of the
ring at a distance x from its center.

Draw a figure. Write
down the starting
equation. It tells you
what to do next.




Magnetic Field of a Current Loop

A circular ring of radius a carries a current | as shown.
Calculate the magnetic field at a point P along the axis of the
ring at a distance x from its center.

Complicated diagram!
You are supposed to
visualize the ring
lying in the yz plane.

di is in the yz plane.
IS In the xy plane and
IS perpendicular to di.*
Thus |d?xf|=dz.

Also, dB must lie in the xy plane* (perpendicular to di) and is
perpendicular to 1.

I *Only when d—ris centered on the y-axis! I
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Use symmetry to find B,. Don't

By symmetry, B, will be 0. Do you see why? iy o nterate 4% o et s,



When dl is not centered at z=0, there will be a Z-component
to the magnetic field, but by symmetry B, will be zero.
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I, X, and a are constant as you integrate around the ring!
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Bx o 3/2 j df = 3/2 2ma
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_ g la
Bx _ This is not on your starting equation sheet

2(x2 +a’ )3/2



At the center of the
ring, x=0.

2

_kla :
B, center = Zzaz )3/2 ..................... {o.

B — “0 I a'2 — HO I
x,center 2a3 23.

For N tightly packed concentric rings (a tight coll)...

K N | This is not on your starting equation sheet.
— For homework, if a problem requires this
X,center : S
23_ equation, you need to derive it!

B



Magnetic Field at the center of a Current Loop

A circular ring of radius a lies in the xy plane and carries a
current | as shown. Calculate the magnetic field at the center
of the loop.

If you only look at the center of X
the loop, derivation is simpler.

|
|
Work on blackboard! / [

The direction of the magnetic AN
field will be different if the plane U
of the loop is not in the xy plane.







Recall:

* magnetic field of long straight wire: | 1

| . .
B :;L winds around the wire C | D

mtr B

Line integral of B over a closed circular r
path around wire:

cﬁé-d§=Bc_f>ds:B(2nr)

B || dS

<_f>B -ds= ( jan) U, |

Is this an accident, valid only for this particular situation?



<j>|§-d§ =g | Ampere’s Law

| IS total current that passes through surface bounded by
closed path of integration.

e |law of nature: holds for any closed path and any current
distribution

e current | counts positive if integration direction is the same
as the direction of B from the right hand rule

b 1
positive | C | D negative | l . >

B ds B ds

S SEEEET R > S SEEETTEEE >
I



e starting equation on your OSE sheet contains second term:

dd 0
¢B°d§=uo |:Iencl +Ksyc—ﬂ'

The reason for the 2" term on the right will become apparent later. Set it equal to zero for now.

e |f path includes more than one source of current, add all
currents (with correct sign).
)

L >
vz ds

 Ampere’s law can be used to calculate magnetic fields
In high-symmetry situations

$B-ds=p, (I,-1,)




Recipe for using Ampere’s law to find magnetic fields

e requires high-symmetry situations so that line integral
can be disentangled
e analogous to Gauss’ law calculations for electric field

1. Use symmetry to find direction of magnetic field

2. Choose Amperian path such that
(a) it respects the symmetry, usually B || ds
(b) and goes through point of interest

3. Start from Amperes law, perform integration, solve for B




Example: a cylindrical wire of radius R carries a current |
that is uniformly distributed over the wire’s cross section.
Calculate the magnetic field inside and outside the wire.




Example: a cylindrical wire of radius R carries a current |

that is uniformly distributed over the wire’s cross section.
Calculate the magnetic field inside and outside the wire.

Outside the wire:

1. B field tangential to circles around wire

2. Chose circular Amperian path " ® direction-of |
around wire through P

3. Integrate:

(JSIg-d§:B<‘f>ds=2an:uol

B = Mo | a lot easier than using B
2mr Biot-Savart Law!




Example: a cylindrical wire of radius R carries a current |

that is uniformly distributed over the wire’s cross section.
Calculate the magnetic field inside and outside the wire.

Inside the wire:
e Only part of current enclosed by Amperian path
(Aenclosedbyr) _ (ar®) 2 ®

| = — |r_ direction of |

encl (A enclosed by R) - W R?

Ampere’s law:

2
CI)B-d§:BCJSdS:2ﬂ:rB:p0 | = o Ir—2

R
Solve for B:
re r 1w, |
B=u.l =u. | =90 y
Ho 27rR? Ho 27R°? 2nR?



Plot:




Calculating Electric and Magnetic Fields

Electric Field Magnetic Field
In general: Coulomb’s Law In general: Biot-Savart Law
for high symmetry for high symmetry
configurations: Gauss’ Law configurations: Ampere’s Law
(surface integral) (line integral)

This analogy is rather flawed because Ampere’s Law is not
really the “Gauss’ Law of magnetism.”






Magnetic Field of a Solenoid

A solenoid is made of many loops of wire, packed closely to

form long cylinder.

Single loop: .
N RN
Al . A
Y 5 |
] Images from
L :
. hyperphysics.
- --‘h'-\.
. hl““
1 'I :*I
Y |
_ B _nhagneti’;; field B *But not so closely that you
Electric produced by canuse | NI
current loop current B=—"—

2a


http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magfie.html#c1

Stack many loops to make a solenoid:

The magnetic
field is
concentrated
into a nearly
— r l=<— uniform field
— - in the center
G of a long
l+ solenoid. The
field outside
Is weak and
divergent.

T

Ought to remind you of the magnetic field of a bar magnet.
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<j>l§-d§z B/f + 0 + 0 + 0 =p,l

enclosed

— N is the number of loops
BE= Ho N enclosed by our surface.
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| Magnetic field of a solenoid of
length | , N loops, current I.

Nn=N/l (number of turns per
= ponl unit length).

The magnetic field inside a long solenoid does not depend on the position
Inside the solenoid (if end effects are neglected).




A toroid™ is just a solenoid “hooked up” to itself.

$B-ds=B[ds=B(2ar)

B(2nr)=p,N|

N | Magnetic field
0 inside a toroid of N
2mr loops, current |.

B=

The magnetic field inside a toroid is not subject to end effects, but is not
constant inside (because it depends on r).

*Your text calls this a “toroidal solenoid.”



Example: a thin 10-cm long solenoid has a total of 400 turns of

wire and carries a current of 2 A. Calculate the magnetic field
Inside near the center.




“Help! Too many similar starting equations!”

I . :
= ;L long straight wire
mf I use Ampere’s law (or note the lack of N) I
N .
B=p, —1 solenoid, length I, N turns
( I field inside a solenoid is constant I
B= u,nl solenoid, n turns per unit length
I field inside a solenoid is constant I

5 toroid, N loops
nr I field inside a toroid depends on position (r) I
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