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Today Steady current and the fieldsthey produce

stationarycharge constant E electrostatics
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What is B of a steady current
P r distancefrom

source to point D

unitvector in thedirection
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Want to saltulate dB due to Id Blot Savart law
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To obtain B we will integrate dB over the wire
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Example What isB of a circular current loop

SEE



Generalmethod to solve theproblems

1 Source point Write anexpression for Ids and thevector
describingitsposition w respecttothecoard
system

2 Field point It's thepointwhere we want tocalculatethe
field Its positionwill begiven by Ip

3 Relativepositionvector Yagyu betweenthe
sourcepointandfield
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4 Find what these re tous are because to calculate de xt

which will givethe directionof 1
51 Once we have th is we just need to subs into Biot savant's
law and simplify

1 Find the source point I

E R cos i sin j With this we can write
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If dg
Id I'q R lost i sin
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2 What about the fieldpoint

Ip Zk apoint in the z axis

3 what is therelativeposition rector

Lp k R cos I t Rsin ZI



We can find its magnitude
r kl
erase.fi ftf

14z

R2 22 112We can write the untrector as

4 Calculate the cross product de r

ds
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51 write down dB
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6 Integrate
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we will have 3 integrals
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Noticing beforesomesymmetries we can arrive at the
solution faster

d s F definesthedirectionof
B the direction ofB should bet
to deanor
As we integrate aroundtheclose
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We can generalize Biot Savart's law for surfaceand
steadycurrents

Bill 1 EKYI
da suffment

Ble 1 1 1 Eff
de Villers

I If It is thevectorfromthe source of B to the
point of interest

the superpositionprinciple appliestomagnetic fields
just as for electric fields

Net B isthe sum of thehelds from all sources

Wecannot write the field of a movingchargeusingB Slow
B E Pittalists Nota

The divergence and the curl of B

Ampere's law

7 P x y z I is a function of lx y z

Fieldpoint B is afunction X y Z

Ep x x x ̅
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Biot Savart's law

B II 1 f
dt

Using the identity
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we can substhis in the eq for the di v of B
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because I p c Forth

IT.FI Divergenceof the magnetic field is zero
Nonexistence

ofmogreticmonopcles.I
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Now we'll calculate the curl

Biel 1
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We will expandthe integrandusing thefollowingidentity
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Withs this we have the curl off 1
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We can use Stoke's theorem to convert it into integralform
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JB d1MoIenT tamperes law
in integral

Mo permitvity of
freespace

Ienc currentenclosedby
an am penanlooop

Thedirection ofintegration around
theboundary isgivenbythe right
hand rule
Your fingers of the righthand indicatethedirection of

integration your thumb defines the direction ofposcurrent



Example Calculate B adistancesfrom a longstraight
p

wire carrying steadycurrent I

B f B d 1 Bf dl 2T s Motene
circlingaround
wiceusingright
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Example Calculate themagnetic field of an infinite
uniform surface current

1 E Kx ̅ sheetE hyphaeI
KFFI.EEtifet an loop
What is the direction of B

BLE YES 12T da
component is zero in the crossproduct

the field is t tok its perpendicular to x

can the field have a z component

No because ofsymmetry he issymmetric withrespectto



z axis

Now we'll look at the loop
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