Course Updates

Reminders:

1) Assignment #8 > will be able to do after today
2)Finish Chapter 28 today

3) Quiz next Friday

4)Review of 3 right-hand rules




B Force
(single charge):




Straight wire

Current’ in Wire

Resulting B! field




Magnetic Dipole Moment

Area vector
Magnitude = Area
Direction uses R.H.R.

Magnetic Dipole moment

= NIA

N turns




Consistent? Yesl!

Resuliing B! field

Curreni’ in Wire




Today 1s Ampere’s Law Day

"High symmetry"
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Calculation of Electric Field

« Two Ways to calculate
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dE = kd‘“
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What are the analogous equations for the
Magnetic Field?




Calculation of Magnetic Field

« Two Ways to calculate

\ —AMPERIAN SURFACE/LOOP

These are the analogous equations




B-field of oo Straight Wire, revisited

e (Calculate field at distance R
from wire using Ampere's Law:

* Chooseloop to becircleof radiusR \
centered on thewirein aplane 1 to

W

re. Magnitude of B is constant (function of R
only)

e Direction of B isoarall%\to he

Ampere'sLaw . [B _ Mod

2nRB= u I

Ampere's Law simplifies the calculation t
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symmetry of the current! (axial/cylindrical)




Arbitrary closed path about a straight current wire will satisty

170 (

Arbitrary closed path outside a current wire will satisfy

¥ XN ¢




Two 1dentical loops are placed in
proximity to two identical current
carrying wires.

- -
= For which loop is | B * dl the greatest?

A) B) ®)
A B




Two 1dentical loops are placed in
proximity to two identical current
carrying wires.

- -
= For which loop is | B * dl the greatest?

A) B) ©)
A B




- -
Now compare loops B and C. For which loop is | B * dl the greatest?
A) B) C)

B C




- -
Now compare loops B and C. For which loop is | B * dl the greatest?
A) B) C)

B C Same




B Field Inside a Long Wire

Suppose atotal current | flows X X X X X
through thewire of radiusa into £

the screen as shown. s
(

Calculate B field as a function of %

r, the distance from the center of
. ﬁqfée\l/gipgec“‘)” tangent to circles. A~ XXXXX

O

B field is only a function of r = take path to
be circle of radius r: — j}é.di = BQ2nr)

Current passing through circle: ] —_ ]

enclosed =~ 2

Ampere|s Law: §E ® di — luo[enclosed —




B Field of a Long Wire

* Inside the wire: (r <a)
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e Qutside the wire:
(r>a)




Question 3

« Two cylindrical conductorseach carry
current | into the screen as shown.
The conductor on theleft is solid and
hasradius R = 3a. The conductor on
theright hasa holein the middle and
carriescurrent only between R=aand 3
R = 3a.

B (6a)<-B(6a) aBL(6a): B-(6a) B, (6a)> B(6a)




Question 3

« Two cylindrical conductors each gcayfy
current | into the screen as show
The conductor on theleft is solid jand
hasradius R=3a. The conductor

carriescurrent only between R=
R=3a.

B (83)< Br(6a)" R OB, (62)=BL(6a) (c) B, (6a)> By(6a)

« Use Ampere’s Law in both cases by drawing a loop in the plane of
the screen at R=6a

 Both fields have cylindrical symmetry, so they are tangent to the
loop at all points, thus the field at R=6a only depends on current
enclosed

o/ =/ In both cases

enclosed




Question 4

« Two cylindrical conductorseach carry
current | into the screen as shown.
The conductor on theleft is solid and
hasradius R = 3a. The conductor on
theright hasa holein the middle and
carriescurrent only between R=aand 3
R = 3a.

B, (2a)< Br(23) B, (2a)= Br(23)




Question 4

 Two cylindrical conductors each carry | |
current | into the screen as shown.
The conductor on theleft is solid and
hasradius R=3a. The conductor on
theright hasa holein the middle and
carries current only between R=a and
R=3a.

B/(2a)<'B,(2a)" R7)48 (22)*"B(22) B, (2a)> B(2a)

Again, field only depends upon current enclosed...

I 77(2”)[ 1 :7Z((2a) —a)[ é[
Bay 9 “HGay-a’) 8




B Field of e« Current Sheet

« Consider an oo sheet of current described
by n wires/length each carrying current |
Into the screen as shown. Calculatethe B

fleld. - :
e What is the direction of the field?

1\

o Calculate using Ampere's law for a square of
side w:

>%><><><><><><><><><

Y
constant constant

X
<
«<

o §§0di:Bw+O+Bw+O:2BW

e | =nwi




B Field of an 1deal Solenoid

« A constant magnetic field can (in principle) be
oroduced by an « sheet of current. In practice,
nowever, a constant magnetic field is often produced

0y a solenoid. _ L
e A'solenoid is defined by a current i flowing
through a wire that is wrapped #» turns per

unit length on a cylinder of radius a and
length L.

 Tocorrectly calculate the B-field, we should use
Biot-Savart, and add up thefield from the different

. l0aps: L, the B field is to first order contained within the
solenoid, in the axial direction, and of constant
magnitude. In this limit, we can calculate the field using

Ampere's Law. Ideal Solenoid




B Field of an -« Solenoid

« TocalculatetheB field of the solenoid using Ampere's
L aw, we need to justify the claim that the B field is

nearly O outside the solenoid (for an o= solenoiGthaB
- fieldbisiexaet hOogtio@. fromthe X X X X X X X X X X X

side as 2 < current sheets. D S—

 The fields are in the same direction in the region
between the sheets (inside the solenoid) and
cancel outside the sheets (outside the solenoid).

e B is uniform inside solenoid and zero outside.

xx*xxx

« Draw square path of side w:
§Z§0di:Bw

— nwi = [B:'“Oni] Note: B o —2TP_ w
[ = nwi Length Y




A current carrying wire 1s wrapped
around an iron core, forming an
electro-magnet.

Which direction does the magnetic field point inside the iron core?
a) left b)right c¢)up d)down

¢) out of the screen




A current carrying wire 1s wrapped
around an 1ron core, forming an
electro-magnet.

Which direction does the magnetic field point inside the iron core?

a) left b)right c¢)up d)down

¢) out of the screen




A current carrying wire 1s wrapped
around an 1ron core, forming an
electro-magnet.

Which side of the solenoid should be labeled as the magnetic north
jo0) (¥

a) right
b) left




A current carrying wire 1s wrapped
around an 1ron core, forming an
electro-magnet.

Which side of the solenoid should be labeled as the magnetic north
jo0) (¥

a) right
b) left




Use the wrap rule to find the B-field: wrap your fingers in the direction of
the current, the B field points in the direction of the thumb (to the left).
Since the field lines leave the left end of solenoid, the left end is the north

pole.
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Solenoids

The magnetic field of a solenoid Is essentially
Identical to that of a bar magnet.

Thebig differenceisthat we can turn the solenoid
on and off’! It attracts/repels other per manent
magnets; it attracts ferromagnets, etc.




Solenoid Applications

Digital [on/of (...EJ;

e
Y ¥ |
b ':

Magnet off = plunger held in place by spring

Close switch Advantage:

= current A small current can be used

- magnetic field pulls in plunger )
Clofes larger lecult PSS to switch a much larger one




Solenoid Applications
Analog (deflection o 1

):

Solenoids are everywhere!

20 solenoids




Toroid

e Toroid defined by N total turns
with current ;.

« B=0 outside toroid! (Consider
Integrating B on circle outside
toroid)

» Direction? tangent to circle.

« Magnitude dependson?r (not theta

« TloZ)nd B inside, consider circle of
radiusr, centered at the center of

tpﬁlgfqgﬁnﬂ I =Ni
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ITER Tokamak: giant toroid for fusion

A joint US-Europe-
Japan project to be
built in southern France
by 2016. A toroidal
field contains the hot
plasma. Fusion should
provide clean power.
ITER 1s prototype for
future machines and 1s

suppose to produce
500MW of power.




Summary

Example B-field Calculations:
Lol
2071: a’

B:

B: luom
2




dl
On segments | and Make sure you
1, dlxris zero understand why

Is the field from a straight wire
always zero ? See 28.76

dl
dB, = ,Uoj UTR U

ArR* 4mR* 4R

What is the direction By the right hand rule, it
of the B field ? points into the paper




Simplified coaxial
cable

COPPER
WIRE

INSULATION
COPPER MESH
OUTSIDE INSULATION

Current | flowing out of the page
through inner conductor

Current | flowing into the page through
outer conductor

LYy eIl For a<r<b

For r>c, |.=+I-1 =0
hence B=0 for r>c

For a<r<b




Find B for r>a
I Bedl =ul

J 1s current density, so integrate dA to obtain current
passing through

I = TJ (r)dA = ]iJ (r)27rdr

e 21,
07m

{1 (— )}27{7%{?







More weekend fun?

« HW #8 = get cracking — due Monday

» Office Hours immediately after this class (9:30 —
10:00) in WAT214 (1:30-2/1-1:30 M/WF)

* Next week: Chap 29 [Midterm 2 1s Chap 25 — 29]




