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A bit about me:







Outline



Part 1



Early 1780s



Torsional Balance

1784



1785



“That the action, either repulsive or attractive of two 

electrified globes is in proportion to the densities of the 

electric fluid… and inverse to the square of the distances”

1785



“That for conductive objects the electric fluid is only diffused 

over its surface and does not penetrate into its interior parts”

1786













𝜖𝑟 = 2Dielectric Constant

(relative permittivity)

Permittivity = 𝜖𝑟 𝜖0
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ර𝐷 ⋅ ⅆԦ𝑠 =ම ∇ ∙ 𝐷 𝑑𝑥𝑑𝑦𝑑𝑧

ර𝐷 ⋅ ⅆԦ𝑠 = ඵ𝐷𝑥𝑑𝑦𝑑𝑧 + 𝐷𝑦𝑑𝑥𝑑𝑧 + 𝐷𝑧𝑑𝑥𝑑𝑦



ⅆԦ𝑠

ර𝐷 ⋅ ⅆԦ𝑠 = 4𝜋𝑄

Q
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ර𝐷 ⋅ ⅆԦ𝑠 =ම ∇ ∙ 𝐷 𝑑𝑥𝑑𝑦𝑑𝑧

∇ ⋅ 𝐷 = 4𝜋𝜌
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In 1856 – Maxwell created Gauss’s Law

∇ ⋅ 𝐸 = 4𝜋𝑘𝜌 𝜖0 =
1

4𝜋𝑘

∇ ⋅ 𝐸 = 𝜌/𝜖𝑜



Part 2



“Our physics would thus be no 
longer a collection of fragments on 
motion, on heat, on air, on light, on 
electricity, on magnetism, and who 

knows what else, but we would 
include the whole universe in one 

system.”

Hans Christian Oersted (1803)



May 1820







"In replacing the magnet by 
another spiral with its current in the 
same direction, the same 
attractions and repulsions occur. It 
is in this way that I discovered that 
two electric currents attract each 
other when they flow in the same 
direction and repel each other in 
the other case."



1826
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Ԧ𝑗 = ∇ × 𝐻



Ԧ𝑗 = ∇ × 𝐻

𝐵 = 𝜇0𝐻

∇ × 𝐵 = 𝜇0Ԧ𝑗











∇ × 𝐻=(Ԧ𝑗 +
𝑑𝐷

𝑑𝑡
)



∇ × 𝐻=(Ԧ𝑗 +
𝑑𝐷

𝑑𝑡
)

𝐷=ϵ0𝐸𝐵 = 𝜇0𝐻

∇ × 𝐵 = 𝜇0Ԧ𝑗 + 𝜇0ϵ0
𝑑𝐸

𝑑𝑡



Part 3



1820



"When the conducting wire 
which forms the helix ... by 
enclosing it inside a glass tube  
... [the wires acted] perfectly 
similar to the action of a 
magnet”



“it therefore follows that a 
[bar] magnet could be 

regarded as an assembly 
of electric currents"



1825 William Sturgeon



August 29, 1831





1862

∇ × 𝐸= - μ
𝑑𝐻

𝑑𝑡



1862

∇ × 𝐸= - μ
𝑑𝐻

𝑑𝑡

𝐵 = μ𝐻

∇ × 𝐸= -
𝑑𝐵

𝑑𝑡



𝑐𝑢𝑟𝑙𝑖𝑛𝑔 𝐸 𝑓𝑖𝑒𝑙𝑑

∇ × 𝐸

𝑐ℎ𝑎𝑛𝑔𝑖𝑛𝑔 𝐵 𝑓𝑖𝑒𝑙𝑑 -
𝑑𝐵

𝑑𝑡

∇ × 𝐸= -
𝑑𝐵

𝑑𝑡



1862

∇ ∙ (∇ × 𝐸)= -∇ ∙
𝑑𝐵

𝑑𝑡

∇ × 𝐸= -
𝑑𝐵

𝑑𝑡

0= -∇ ∙
𝑑𝐵

𝑑𝑡

∇ ∙ 𝐵 = 0



1862

∇ × 𝐸= - μ
𝑑𝐻

𝑑𝑡

∇ × 𝐸= - μ
𝑑𝐻

𝑑𝑡

∇ ∙ μ𝐻 = 0



Gauss'

Q

ර𝐸 ⋅ ⅆԦ𝑠 = 𝑄/𝜖

∇ ⋅ 𝐸 = 𝜌/𝜖

ර𝐵 ⋅ ⅆԦ𝑠 = 0

∇ ⋅ 𝐵 = 0

Gauss’s Law
Gauss’s Law for Magnets



Q

ර𝐸 ⋅ ⅆԦ𝑠 = 𝑄/𝜖

∇ ⋅ 𝐸 = 𝜌/𝜖

ර𝐵 ⋅ ⅆԦ𝑠 = 0

∇ ⋅ 𝐵 = 0

Gauss’s Law
Gauss’s Law for Magnets



Part 4

∇ × 𝐸= -
𝑑𝐵

𝑑𝑡

∇ × 𝐵 =
1

𝑐2
𝑑𝐸

𝑑𝑡







May 1846





1862

𝐸 =
4𝜋𝑘

𝜇



4𝜋𝑘

𝜇



∇ × 𝐸= -
𝑑𝐵

𝑑𝑡

∇ × 𝐵 = 𝜇0Ԧ𝑗 + 𝜇0ϵ0
𝑑𝐸
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1864
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Part 6



1869



∇=
𝑑

𝑑𝑥
𝑖 +

𝑑

𝑑𝑦
𝑗 +

𝑑

𝑑𝑧
𝑘

Scalar ∇𝐴: −(∇ ∙ Ԧ𝐴)

Vector ∇𝐴: (∇ × Ԧ𝐴)





1873









Want to Know More?

www.KathyLovesPhysics.com

http://www.kathylovesphysics.com/

