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• Any branch of physics (mechanics, electromagnetism, optics,

thermodynamics, etc.) is described in terms of a number of laws or

principles.

• In PHYS 172, you studied mechanics. Mechanics is based on several

laws e.g. Newton’s first law, Newton’s second law (or Momentum

Principle), Newton’s third law, Newton’s law for gravitation, and the

Energy Principle.
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• In PHYS 272, you will

study Electromagnetism.

Electromagnetism is

mainly based on 5 laws:

Coulomb’s law, Biot-

Savart law, Gauss’s law,

Ampere’s law and

Faraday’s Law.

Charles-Augustin 
de Coulomb
1736 - 1806

Johann Carl 
Friedrich Gauss

1777 - 1855

André-Marie 
Ampère

1775 - 1836

Michael Faraday 
1791 - 1867
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• In this course, you will understand how charged particles (or

systems) interact.

• You will also understand the concepts of electric field, electric

force, magnetic field, and magnetic force and learn how to

calculate these quantities using more than one method.

• The math required for this course is: elementary vector calculus +

rare use of simple derivatives and integrations.

IntroductionChap.0  Course Introduction and Math Review
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• Determine the unit vector for 𝐵 = 3,−1.5, 2 𝑚.

𝐵 = 𝐵 = 𝑥2 + 𝑦2 + 𝑧2 = 32 + (−1.5)2+22 = 15.25 = 3.9 𝑚

෠𝐵 =
𝐵

𝐵
=

3,−1.5,2

3.9
= 0.77, −0.38, 0.51

• Calculate the scalar product of the two vectors Ԧ𝐴 = −2, 0, 1 𝑁 and 𝐵 = 3,−1.5, 2 𝑚 .

Ԧ𝐴. 𝐵 = 𝐴𝑥𝐵𝑥 + 𝐴𝑦𝐵𝑦 + 𝐴𝑧𝐵𝑧 = −2 ∗ 3 + 0 ∗ −1.5 + 1 ∗ 2 = − 4 𝑁.𝑚

Determine the angle between them.

Ԧ𝐴. 𝐵 = Ԧ𝐴 ∗ 𝐵 ∗ cos(𝜃)

Ԧ𝐴 = 𝑥2 + 𝑦2 + 𝑧2 = (−2)2+02 + 12 = 5 = 2.24 𝑁

𝐵 = 𝑥2 + 𝑦2 + 𝑧2 = 32 + (−1.5)2+22 = 15.25 = 3.9 𝑚

cos 𝜃 =
Ԧ𝐴. 𝐵
Ԧ𝐴 ∗ 𝐵

=
−4

2.24∗3.9
= −0.457 ➔ 𝜃 = cos−1 −0.457 = 117.2 °

VectorsChap.0  Course Introduction and Math Review
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yThe following vectors all have length 5m. Write them as vectors.

A
B

C
D

E F

𝑨 =

𝑩 =

𝑪 =

𝑫 =

𝑬 =

𝑭 =
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yThe following vectors all have length 5m. Write them as vectors.

A
B

C
D

𝑨 =

𝑩 =

𝑪 =

𝑫 =

45o

37o

30o

60o
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A is at 3, 2, 0 m 
B is at 5, 2, 0 m
C is at 5, −2, 0 m

• From A to B, calculate  ∆𝑉 = 𝐸. ∆Ԧ𝑙

∆Ԧ𝑙 = Ԧ𝑙𝑓 − Ԧ𝑙𝑖 = 5, 2, 0 − 3, 2, 0

= 2, 0, 0 𝑚

∆𝑉 = 𝐸. ∆Ԧ𝑙 = 0 ∗ 2 + −400 ∗ 0 + 0 ∗ 0 = 0 𝑉

• From B to C, calculate  ∆𝑉 = 𝐸. ∆Ԧ𝑙

∆Ԧ𝑙 = Ԧ𝑙𝑓 − Ԧ𝑙𝑖 = 5, −2, 0 − 5, 2, 0

= 0, − 4, 0 𝑚

∆𝑉 = 𝐸. ∆Ԧ𝑙 = 0 ∗ 0 + −400 ∗ −4 + 0 ∗ 0 = 1600 𝑉

• From A to C, calculate  ∆𝑉 = 𝐸. ∆Ԧ𝑙

∆Ԧ𝑙 = Ԧ𝑙𝑓 − Ԧ𝑙𝑖 = 5, −2, 0 − 3, 2, 0

= 2, − 4, 0 𝑚

∆𝑉 = 𝐸. ∆Ԧ𝑙 = 0 ∗ 2 + −400 ∗ −4 + 0 ∗ 0 = 1600 𝑉

𝐸= 0, − 400, 0 N/C
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• The cross product of two vectors Ԧ𝐴 and 𝐵 is a vector and can be calculated using the rule

𝑨 × 𝑩 =

Ƹ𝒊 Ƹ𝒋 ෡𝒌
𝑨𝒙 𝑨𝒚 𝑨𝒛

𝑩𝒙 𝑩𝒚 𝑩𝒛

= 𝑨𝒚𝑩𝒛 − 𝑨𝒛𝑩𝒚 , 𝑨𝒛𝑩𝒙 − 𝑨𝒙𝑩𝒛 , 𝑨𝒙𝑩𝒚 − 𝑨𝒚𝑩𝒙

• Note also that 𝑨 × 𝑩 = 𝑨 𝑩 𝒔𝒊𝒏(𝜽)

• Calculate Ԧ𝐴 × 𝐵 if Ԧ𝐴 = −2, 0, 1 and 𝐵 = 3,−1.5, 2 .

Ԧ𝐴 × 𝐵 =
Ƹ𝑖 Ƹ𝑗 ෠𝑘

−2 0 1
3 −1.5 2

= 0 ∗ 2 − 1 ∗ −1.5 , 1 ∗ 3 − −2 ∗ 2, −2 ∗ (−1.5) − 0 ∗ 3

= 0 + 1.5, 3 + 4, 3 − 0 = 1.5, 7, 3



The direction of 𝒖 × 𝐯 : Right-hand rule

VectorsChap.0  Course Introduction and Math Review
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Example

Given the vectors 𝐸 = 0, 10, 0 (𝑁/𝐶), 𝐵 = 0, 0, −5 (𝑇) and Ԧ𝑣 = 0, 2, 0 (𝑚/𝑠).

Given the scalar 𝑞 = 1.6 × 10−19. Calculate the vector

Ԧ𝐹 = 𝑞 Ԧ𝑣 × 𝐵 + 𝑞𝐸 = 𝑞 ( Ԧ𝑣 × 𝐵 + 𝐸)

• Ԧ𝑣 × 𝐵 =
Ƹ𝑖 Ƹ𝑗 ෠𝑘
0 2 0
0 0 −5

= 2 ∗ −5 − 0 ∗ 0 , 0 ∗ 0 − 0 ∗ (−5) , 0 ∗ 0 − 2 ∗ 0

= −10 − 0, 0 − 0, 0 − 0 = −10, 0, 0 (𝑇.𝑚/𝑠)

• Ԧ𝑣 × 𝐵 + 𝐸 = −10, 0, 0 + 0, 10, 0 = −10, 10, 0

• Ԧ𝐹 = 𝑞 Ԧ𝑣 × 𝐵 + 𝐸 = 1.6 × 10−19 ∗ −10, 10, 0 = ۦ

ۧ

−1.6 × 10−18, 1.6 × 10−18,

0 (𝑁)

VectorsChap.0  Math Review
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• In this course, some integrals will be evaluated on a

circular path.

• For a circle, the length of an arc is related to the

facing angle and the radius via the simple relation

𝒍 = 𝑹𝜽

• For a very small arc (infinitesimal), the relation is

written as

𝒅𝒍 = 𝑹𝒅𝜽

Example: The perimeter 𝐿 of a circle can be calculated

using integrations as follows

𝐿 = න
𝑙_𝑚𝑖𝑛

𝑙_𝑚𝑎𝑥

𝑑𝑙 = න
0

2𝜋

𝑅𝑑𝜃 = 𝑅න
0

2𝜋

𝑑𝜃 = 2𝜋𝑅

Integration on a Circle (Polar Coordinates)Chap.0  Math Review
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Trigonometric FunctionsChap.0  Math Review

The sides of the right triangle are:

- The side opposite to the acute angle 𝜃

- The side adjacent to the acute angle 𝜃

- The hypotenuse of the right triangle.

θ

opp
hyp

adj

Remember that:      ℎ𝑦𝑝2 = 𝑜𝑝𝑝2 + 𝑎𝑑𝑗2
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The basic trigonometric functions are:

sin 𝜃 = cos 𝜃 = tan 𝜃 =
hyp

adj

adj

opp

hyp

opp

θ

opp
hyp

adj
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283 m

x

24

Find the missing side
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283 m

x

24

Find the missing side

( )
283

24sin
x

=

( ) mx 11.11524sin283 == 
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9

17.2



Find the missing angle θ
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Trigonometric FunctionsChap.0  Math Review

91.1
9

2.17
tan ==

9

17.2



Find the missing angle θ

36.62)91.1(tan 1 == −


