









































































































Previous chapter mayfields interact
w movingcharges

É qui x 5
Currents moving charges I interacts w currents

F I Ex I

1820 HansOersted showed that currents generate
B fields that move compass needles
this was probably 1 thingto connect

electricityw magnetism eletomagnetism

so if currents ofmovingchargesgenerates B fields
then a single change must generate field

Bars ME GET
Mo 417 10

7
TIA teslalamp

in velocityofmovingcharge of
r distance from q to pointofB field
F unit direction from q to

charge moving

I
into page

7 B is t to I I so is

tangential to circle around I
direction
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Bto É Sdis
write dÉ dquI dq tinybit ofcharge

I dig anddqi dq.IE qdEIdisodB4qIdEI Biot Savant Law

integrate over

wire

ex B fromstraight wire
y

a AI up B into page
so

Y






































dis My IdergI dixie disino di dy

note 0 to 900 since wad
and ask air or

rytas
d x'd

also tank ylx so dy xseen
transform integral to an

HIIIIIo

B JEFF cooldol
where tanto E

do do

II sing I sind

sin do fer

YEFFED
now take limit as a a swinebecomes infinite



aft
I so B MEE

1B E x dist from wire

gy

radius at point of p
I

Rules for getting B field lion current in wire
I magnitude f B is B 12

re distance from wire

2 B loops around wire

3 use RHB thumb along current
fingers point along B



Force on 2 wives carrying current

If

I
wire 1 makes B field at wire 2

B Cr EET
by RHP BCr is into page

rt
I

VX I
Bir into page

Is a force on wire 2 from B from wire I

É II XBT I E is up towards wire I

Fa Ir LzB IL MEET L2MELE
force per length FE MEI



B field from circular current loop

B cancels out bysymmetry
dB ME Kiat

integrate around loop s everything is constant

Bu SEE IF de

Eight
Sro

Ear
so B

Miffy along axis

note near center xcca B If constant



if wehave a coil w N tums
each one contributes

Bat NB
YÉIa

use RAR curl fingers along I
B points in dir of thumb away

this is called a dipole



Back to B from infinite wire

I 7
It

B YEI circlingaround wire usingRAR

note Zar circumferenceof circle w radius r

so B 255 MOI
if we draw an imaginary

circle around
the wire then I is the current inside
the circle

B is constant in magnitude but not direction
Be

B



in calculus we can integrate around a closed

path
define de differential length direction

is alongpath

then Jo B de is integral fB around
path

fr long wire off.dk B ofde
since I is parallel to dt

B fdi Bfd B air

and I current inside loop
goB de MOIinside

pathclosedpath
this is Ampere's law and is true in

general



ex

Mg

Is

drawanyclosed path around wire

integrate B around that path

B de MOIinside MOI
path

But that's not useful really
Ampere's law is most useful when B is
constant along path so that

I de B L

path
T
path length

ex what is B inside a wire



ex B inside conductor

current density J I TR constant

now draw loop with radius r e R inside wire

we expect B is also constant at constant P
and points along circle just like for r R

current inside loop Icr J tr

so fois de B ZTT MOICr p Jar

J ILIR so

B ZIT No IIe
113 12

when r R B BEE



Solenoid loops f wire cylindrical

7000
each turn of wire is a current loop
that generates a B field

B from each loop adds as a vector

Solenoid y
directingcanent in thecoil

XXX current into page

0000000 current out ofpage
can think of solenoid as having N coils
near center of each loop D const
go netB in a solenoid is constant down axis

treeless
can show that B is a constant inside

k B is a o outside coil



Find B inside solenoid

current into page

B from each boil by RHR
BE

invent path like this
outside coil

N
N loops

a

current into page

inside coil

use Ampere's law fBde MOI in
In NI

along vertical legs Btdt so Bde o

along horizontal leg inside coil

SBde B L Mo NI

so B No I

let u
ng for fall solenoid

then B you I inside



note opposite side of coil has same

current of course
B is from entire loops

BET xx xxxxx XXXX
B

Bio ooooo a ooo ooo

BE B

outside coil B fromeachside will cancel

so Bro outside coil

Be Mon I inside coil w current I



2 wires w equal opposite currents I
separated bydistance d

d o

calculate 5 dir magnitude at positionP
that forms isosceles triangle

Ber f Br
98 o 900

d d

d o

field due to night current o adds as vecto
to field due to left current

components pointing up will add
left right will cancel

yup Br
God



Br IET Bup Bros600 By

total Bup contributions from Br i Be

Boot 2B
up Br BEI


