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Magnetismo

magnetita

Atrai pedaços de ferro e interage com outros imãs !



William Gilbert
(1544-1603)

O Pioneiro

Estudou em Cambridge

Médico !

Escreveu  “De magnete”

Concluiu que a Terra era magnética



Imãs interagem entre si:

Imãs cortados geram novos ímãs:



Hans C. Oersted
(1777-1851)

Uma grande
descoberta !

Corrente elétrica (cargas em mov.) cria campo magnético !



Outra grande
descoberta !

Hendrik Lorentz
(1853-1928)



Força magnética sobre uma carga

~v
<latexit sha1_base64="0Se8vswjN+ZWQVF47XDeSxoXenI="></latexit>

~B
<latexit sha1_base64="W/78Z4vxNQ4MZtZXPImowqJeFg0="></latexit>

~F
<latexit sha1_base64="hzDibGr4yI0cIQwPwo4beovJVh8="></latexit>

Regra da mão direita para
o produto vetorial de 
dois vetores : 



Resumo
Existem ímãs !

Eles agem sobre outros ímãs. Criam um campo magnético ?

Correntes agem sobre  ímãs. Criam um campo magnético !

Campo magnéticos agem sobre  cargas em movimento !

Imãs têm correntes dentro ?

Campo magnéticos agem sobre correntes !

Campo magnéticos Correntes 



A abordagem do Griffiths

Analogia entre a força de Coulomb  entre duas cargas 
e a força magnética entre duas correntes

I1 I2

d

F / I1 I2
d2

?
<latexit sha1_base64="6fOwnuTF37/rSlHKiMuV7sh1OLg="></latexit>

F / Q1 Q2

d2
<latexit sha1_base64="gYoxG+GpjlR1iu4wEyD+VRD4KvI="></latexit>

d

Q1 Q2



Correntes interagem entre si

I I

F / I I

d
<latexit sha1_base64="nCb9hucRQ10TqIhmX43ukbRi2JA="></latexit>

I I

d

FF F F

Vamos 
mostrar !



Porque ?

A corrente no fio 1 
gera campo magnético 

O campo magnético age sobre as
cargas em movimento no fio 2

Q

Força de Lorentz :



Cargas em movimento

Corrente elétrica: carga por unidade de tempo passando por um ponto 

No sistema internacional: Ampere =
Coulomb

segundo
<latexit sha1_base64="oL4b3zsXcqmO7gR0qZsFuQQMNF4="></latexit>

x̂
<latexit sha1_base64="X6aBhK6maMNuoe3fiBxuPhPSIz4="></latexit>

Fio com  cargas em movimento :

dq
<latexit sha1_base64="SnU3zKPBv8IF/xq9LyqHYflE9pI="></latexit>

dx
<latexit sha1_base64="7IVz8W1BW3lPlLbUaSg77dbE1Xk="></latexit>

Densidade linear de carga: � =
dq

dx
<latexit sha1_base64="zjXtiKgTVpNZI4qHOtJQZb5vcqc="></latexit>

dq = � dx
<latexit sha1_base64="x53lg0Ke+kFfHWVW5eAann+ARz8="></latexit>

Corrente: I =
dq

dt
<latexit sha1_base64="nfu5cFkh0tzwo5zzzX0vWkEPkwM="></latexit>

I =
� dx

dt
<latexit sha1_base64="pwf2IohiLjHDLhD1C9PEqDO+EtM="></latexit>

I = � v
<latexit sha1_base64="qn88RBAyOREODfGilryA1L4w/fQ="></latexit>

~I = �~v
<latexit sha1_base64="B2LAHNJ2cY8bV8Qt7Q5/KbPNsvg="></latexit>



Força magnética sobre uma carga

~v
<latexit sha1_base64="0Se8vswjN+ZWQVF47XDeSxoXenI="></latexit>

~B
<latexit sha1_base64="W/78Z4vxNQ4MZtZXPImowqJeFg0="></latexit>

~F
<latexit sha1_base64="hzDibGr4yI0cIQwPwo4beovJVh8="></latexit>

~Fmag ? ~v
<latexit sha1_base64="kZKnnYClXJzWLbfKE2M3iliv2ds="></latexit>

~Fmag = Q~v ⇥ ~B
<latexit sha1_base64="E6yYFHljcDo5P6dQ+6PFP/mBEXs="></latexit>

d~l
<latexit sha1_base64="Z9SVmey4uL3Y0DnFY2aB/d7Ntdg="></latexit>

d~l
<latexit sha1_base64="Z9SVmey4uL3Y0DnFY2aB/d7Ntdg="></latexit>

d~l
<latexit sha1_base64="Z9SVmey4uL3Y0DnFY2aB/d7Ntdg="></latexit>

d~l
<latexit sha1_base64="Z9SVmey4uL3Y0DnFY2aB/d7Ntdg="></latexit>

d~l = ~v dt
<latexit sha1_base64="Juu3GfbyGgOOx+ume1qHRloNoo0="></latexit>

dW = ~F . d~l
<latexit sha1_base64="WcQFVU+3Q9NfK3fWwhh/+RDM29k="></latexit>

dW = q (~v ⇥ ~B) .~v dt
<latexit sha1_base64="FcCEKqRD7QsnzQME40njCG5GQ5o="></latexit>

? ~v
<latexit sha1_base64="499V9cIg00r1OHvQCExyyC5luOI="></latexit>

dW = 0
<latexit sha1_base64="eQtcy7wXn046fwulpMvQBqw3sUs="></latexit>

A força magnética 
não faz trabalho !



Força magnética sobre um fio com corrente

⌦
<latexit sha1_base64="rkLdHzcUfleIuViQsCB54OqRLYQ="></latexit>

⌦
<latexit sha1_base64="rkLdHzcUfleIuViQsCB54OqRLYQ="></latexit>

⌦
<latexit sha1_base64="rkLdHzcUfleIuViQsCB54OqRLYQ=">AAACynicjVHLSsNAFD2Nr1pfVZdugkVwVZIq6LLoxoWLCvYBbZFkOq1D82IyEUpx5w+41Q8T/0D/wjtjCmoRnZDkzLnn3Jl7r58EIlWO81qwFhaXlleKq6W19Y3NrfL2TiuNM8l4k8VBLDu+l/JARLyphAp4J5HcC/2At/3xuY6377hMRRxdq0nC+6E3isRQME8R1e7FSoQ8vSlXnKpjlj0P3BxUkK9GXH5BDwPEYMgQgiOCIh zAQ0pPFy4cJMT1MSVOEhImznGPEnkzUnFSeMSO6TuiXTdnI9rrnKlxMzoloFeS08YBeWLSScL6NNvEM5NZs7/lnpqc+m4T+vt5rpBYhVti//LNlP/16VoUhjg1NQiqKTGMro7lWTLTFX1z+0tVijIkxGk8oLgkzIxz1mfbeFJTu+6tZ+JvRqlZvWe5NsO7viUN2P05znnQqlXdo2rt6rhSP8tHXcQe9nFI8zxBHRdooGmqfMQTnq1LS1oTa/optQq5ZxfflvXwAS3ukjI=</latexit>

⌦
<latexit sha1_base64="rkLdHzcUfleIuViQsCB54OqRLYQ="></latexit>

⌦
<latexit sha1_base64="rkLdHzcUfleIuViQsCB54OqRLYQ="></latexit>

⌦
<latexit sha1_base64="rkLdHzcUfleIuViQsCB54OqRLYQ="></latexit>

⌦
<latexit sha1_base64="rkLdHzcUfleIuViQsCB54OqRLYQ="></latexit>

~B
<latexit sha1_base64="W/78Z4vxNQ4MZtZXPImowqJeFg0="></latexit>

x̂
<latexit sha1_base64="X6aBhK6maMNuoe3fiBxuPhPSIz4="></latexit>

dq
<latexit sha1_base64="SnU3zKPBv8IF/xq9LyqHYflE9pI="></latexit>

dx
<latexit sha1_base64="7IVz8W1BW3lPlLbUaSg77dbE1Xk="></latexit>

d~l
<latexit sha1_base64="Z9SVmey4uL3Y0DnFY2aB/d7Ntdg="></latexit>

~y
<latexit sha1_base64="R06ckmlD6qZHHRX1AxF9YI+hfEY="></latexit>

~v
<latexit sha1_base64="OMa8SvZ5sSwhVzoAHZJhae6+Bbg="></latexit>

d~F
<latexit sha1_base64="FKV79MexdOF3htEyq+oMlY5fUdk="></latexit>

d~F = ~v ⇥ ~B dq
<latexit sha1_base64="lfdxuB5CRkmlwMXmk8b4r82T4t0="></latexit>

~F =

Z
~v ⇥ ~B dq

<latexit sha1_base64="gXVa+UaKMoDGaPMLC16lujFJNsY="></latexit>

~F =

Z
~v ⇥ ~B � dx

<latexit sha1_base64="gvYw4QkVVE3RjFcFXA5qPdGvh5Y="></latexit>

=

Z
~I ⇥ ~B dx

<latexit sha1_base64="jrEz5BuceNQCrU2UyB/4sOCDxm0="></latexit>

d~l = dx x̂
<latexit sha1_base64="Ut58Gu1KoQM8r9q3i8f2GGCsjbU="></latexit>

=

Z
I x̂⇥ ~B dx

<latexit sha1_base64="hFXqW7lfiY9D/8k2q0nLRJA3Dlk="></latexit>

~F = I

Z
d~l ⇥ ~B

<latexit sha1_base64="crFvfQBqeat9uN82sHXGJlKx3Kg="></latexit>



Campo criado por uma corrente:Lei de Biot-Savart

Cargas elétricas  em repouso geram campos elétricos constantes no tempo

Correntes estacionárias geram campos magnéticos constantes no tempo

Eletrostática

Magnetostática

Unidade de B : Tesla 



Essa é prá perder o medo de Biot-Savart !

(1774 – 1862)
Jean Baptiste Biot

(1791 – 1841)
Felix Savart

Primeira expedição 
científica em balão

Campo magnético
a 4000 metros



Exemplo 5.6 : calcule o campo magnético no centro de um anel  
circular de raio R por onde passa uma corrente I

R
I

I

B

d~l
<latexit sha1_base64="Z9SVmey4uL3Y0DnFY2aB/d7Ntdg="></latexit>

r̂
<latexit sha1_base64="3iiyHp7eq5xHBhY1nbNSsQs9lpk="></latexit> d~l

<latexit sha1_base64="Z9SVmey4uL3Y0DnFY2aB/d7Ntdg="></latexit>

d~l ⇥ r̂
<latexit sha1_base64="ksOHnZRA/LGUqjNnzj1TP9kiVEg="></latexit>

R

�
<latexit sha1_base64="fow4btJaATaaAgbBMTX1UGnag58="></latexit>

d~l ⇥ r̂
<latexit sha1_base64="ksOHnZRA/LGUqjNnzj1TP9kiVEg="></latexit>

d~l
<latexit sha1_base64="Z9SVmey4uL3Y0DnFY2aB/d7Ntdg="></latexit>r̂

<latexit sha1_base64="3iiyHp7eq5xHBhY1nbNSsQs9lpk="></latexit>

I

B

~B =
µ0 I

4⇡

Z
d~l ⇥ r̂

r2
<latexit sha1_base64="Ud7VFtYppI5W0IXsTBnaYxkbJkI="></latexit>

|d~l ⇥ r̂| = dl
<latexit sha1_base64="pPXgin511dwjT/TTVtpiK7HEAf4="></latexit>

dl = Rd✓
<latexit sha1_base64="7VTlr2mnUpVj4t960gKOOh4C62M="></latexit>

r2 = R2
<latexit sha1_base64="tOJxQUjJ8uPFiuRMvTsx9Y1cuf8="></latexit>

B =
µ0 I

4⇡

Z 2⇡

0

Rd✓

R2
<latexit sha1_base64="OiU1qUHS2LzBv7EnidOCdHWuXKo="></latexit>

O campo está na direção z

✓
<latexit sha1_base64="ifHdRE6HYtqT9jU5rnAz+n8E1JA="></latexit>

~B =
µ0 I

2R
ẑ

<latexit sha1_base64="BULyF6sNvRhomRcEIa81MyBFqsA="></latexit>

B =
µ0 I

2R
<latexit sha1_base64="x8ni1x+cHPGD+fVC65x1hVgB83Y="></latexit>



Exemplo 5.5 : calcule o campo magnético a uma distância s de um fio 
infinito por onde passa uma corrente I

~B =
µ0 I

4⇡

Z
d~l ⇥ r̂

r2
<latexit sha1_base64="Ud7VFtYppI5W0IXsTBnaYxkbJkI="></latexit>

r̂
<latexit sha1_base64="eWmIHLTEyCTlPGnEHVndTKyt70U="></latexit>

d~l ⇥ r̂
<latexit sha1_base64="ksOHnZRA/LGUqjNnzj1TP9kiVEg="></latexit>

�
<latexit sha1_base64="fow4btJaATaaAgbBMTX1UGnag58="></latexit>

|d~l ⇥ r̂| = dl0 sen↵
<latexit sha1_base64="p9tmIEEI6Yk+y3wwk08bqwRTTQY="></latexit>

B saindo do slide !

= dl0 cos✓
<latexit sha1_base64="3Jl9bcZk9abNu1Fw3Ascny6AEvo="></latexit>

l0

s
= tg ✓

<latexit sha1_base64="oB1JJ4R5rzweQ2qkTDBCfZrpl8I="></latexit>

l0 = s tg ✓
<latexit sha1_base64="8x4VFp9lvwXF8HTC396xWy+lxyg="></latexit>

dl0 =
s

cos2✓
d✓

<latexit sha1_base64="RS3FWx1AbIzi9i5dXsI1GG8mCkU="></latexit>

s

r
= cos ✓

<latexit sha1_base64="aQbSHmbGXS/zpEZEIl1ozHGyaLU="></latexit>

1

r2
=

cos2 ✓

s2
<latexit sha1_base64="5oUFvciNREYe6yBKalM/8ruZc5Y="></latexit>

B =
µ0 I

4⇡

Z ✓2

✓1

s

cos2✓
d✓ cos ✓

cos2✓

s2
<latexit sha1_base64="IhKrG3cArqq+kXziABMGTH/j6Bw="></latexit>

B =
µ0 I

4⇡

Z ✓2

✓1

d✓ cos ✓
1

s
<latexit sha1_base64="0+VQWT8ZtfyNfIbVa11ttNCGcY8="></latexit>

B =
µ0 I

4⇡ s
(sen ✓2 � sen ✓1)

<latexit sha1_base64="8l99nsi/F3eXjR4ykU8DKGSSeJY="></latexit>



~B =
µ0 I

4⇡

Z
d~l ⇥ r̂

r2
<latexit sha1_base64="Ud7VFtYppI5W0IXsTBnaYxkbJkI="></latexit>

r̂
<latexit sha1_base64="eWmIHLTEyCTlPGnEHVndTKyt70U="></latexit>

d~l ⇥ r̂
<latexit sha1_base64="ksOHnZRA/LGUqjNnzj1TP9kiVEg="></latexit>

�
<latexit sha1_base64="fow4btJaATaaAgbBMTX1UGnag58="></latexit>

B saindo do slide !

B =
µ0 I

4⇡ s
(sen ✓2 � sen ✓1)

<latexit sha1_base64="8l99nsi/F3eXjR4ykU8DKGSSeJY="></latexit>

✓1 = �⇡

2
<latexit sha1_base64="v6H+K0tEMAxoEQeJeR4ncETnvMA="></latexit>

✓2 = +
⇡

2
<latexit sha1_base64="+191M0ornX2tvDLXXfZVj+OWITA="></latexit>

B =
µ0 I

2⇡ s
<latexit sha1_base64="KEhvz8pVe7JOVdLZ1Vdj5YgedG4="></latexit>



Força entre dois fios infinitos percorridos por correntes I

Campo no fio 2 produzido pelo fio 1

B =
µ0 I1
2⇡ s

<latexit sha1_base64="VbZt9OFUSV2pPOL4gwEpW33PHns="></latexit>

~F = I

Z
d~l ⇥ ~B

<latexit sha1_base64="crFvfQBqeat9uN82sHXGJlKx3Kg="></latexit>

⌦
<latexit sha1_base64="rkLdHzcUfleIuViQsCB54OqRLYQ="></latexit>

d~l
<latexit sha1_base64="Z9SVmey4uL3Y0DnFY2aB/d7Ntdg="></latexit>

~B
<latexit sha1_base64="W/78Z4vxNQ4MZtZXPImowqJeFg0="></latexit>

d~l ⇥ ~B
<latexit sha1_base64="evsbumL7LznFuI5oOox739GmXBI="></latexit>

|d~l ⇥ ~B| = dl B
<latexit sha1_base64="kM6FTxY7DVBDKQN6P1shLDYFuTQ="></latexit>

F = I2

Z
dl B

<latexit sha1_base64="LkXdek1Pr6oRyPV9clYpmpUaVW4="></latexit>

F =
µ0 I2 I1
2⇡ d

Z
dl

<latexit sha1_base64="WicudM2PRWRZf2z5kEyPuqRIZvs="></latexit>

dF

dl
=

µ0 I2 I1
2⇡ d

<latexit sha1_base64="IP//TxLU8ZvyXSCu9uJ6Ibxuxf8="></latexit>

F

l
=

µ0 I2 I1
2⇡ d

<latexit sha1_base64="hvomneVQ3fghjI+qpaDCyazKWnA="></latexit>

I1 I2

d


