
1. Mastering Math - High School Math Review

This math review is intended to prepare students for the first-year math used in the core

engineering courses. This material is accompanied by a corresponding review video posted

on the First Year Engineering YouTube channel. This worksheet will cover a review of 2-D

vectors, an engineering application, and a practice problem set. This review was developed by

John O’Keefe along with the Elsie MacGill Learning Centre.

1.1 2-D Vectors

Vectors are a geometric object that have a direction and magnitude. A 2-D vector, ~V , is shown

below where the tail begins at the origin (0,0) and the tip ends at (Vx,Vy). The arrow provides

the direction of the vector. In this review vectors are denoted with an arrow above it and

components of vectors, or scalar values, will not.

Figure 1.1: 2-D vector

There are several ways this vector can be expressed, two of which will be covered here. The

first method is through components; the vector moves Vx in the X direction and Vy in the Y

direction. This vector can be described as:
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~V = Vxî+ Vy ĵ (1.1)

Where î is a unit vector in the X direction and ĵ is a unit vector in the Y direction of the

vector, ~V . Unit vectors have a magnitude of 1 but provide the direction of the component.

The vector can also be described with a magnitude and angle, this is known as polar coor-

dinates. A triangle can be formed such that the hypotenuse of the triangle is the magnitude

denoted by |~V | and the angle by θ. The polar representation of the vector, ~V , can be simplified

to the following:

~V = |~V |6 θ (1.2)

Figure 1.2: 2-D vector magnitude

|~V | =
√
V 2
x + V 2

y (1.3)

θ = tan−1
(
Vy
Vx

)
(1.4)

Given the magnitude and angle (from the X axis) the components can be calculated as follows:
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Vx = |~V | cos(θ) (1.5)

Vy = |~V | sin(θ) (1.6)

Vectors do not need to be placed at the origin, they can be moved in space. The vector shown

below is equivalent to the first vector but has been translated in the positive X and Y direction.

Figure 1.3: 2-D vector translated

Two vectors can be added together by adding the tail of the second vector to the tip of the first

vector as shown below where, R = V + S. These vectors can also be subtracted demonstrated

with, S = R − V , in the figure below. For vector subtraction the second vector is placed at

the tail of the first vector.

Figure 1.4: Summation/subtraction of 2-D vectors
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Using trigonometry the magnitudes and directions of these vectors can be calculated. If these

vectors form a right triangle; sine, cosine, or tangent can be used to solve the system. Sine

and cosine law can be used to determine side lengths or angles of triangles with or without a

right angle. A triangle has side lengths a, b, c with their opposite corner angle labelled A,B,C

respectively as shown below.

Figure 1.5: Triangle to demonstrate sine and cosine law

The sine law is expressed as:

a

sin(A)
=

b

sin(B)
=

c

sin(C)
(1.7)

The cosine law is expressed as:

c =
√
a2 + b2 − 2ab cos(C) (1.8)

1.1.1 Examples

1. A 2-D vector has a magnitude of |~V | = 10 at a direction of θ = 30◦ calculate the components

of ~V .

Solution: The components can be calculated according to Eq. 1.5 and Eq. 1.6.

Vx = 10 cos(30)

Vx = 8.66
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Vy = 10 sin(30)

Vy = 5

2. A 2-D vector travels 5 units in the X direction and -10 units in the Y direction, determine

the magnitude and angle of the vector.

Solution: The polar coordinates of the vector can be calculated according to Eq. 1.3 and Eq.

1.4.

|~V | =
√

52 + (−10)2

|~V | = 11.2

θ = tan−1
(
−10
5

)
θ = −63◦

This can be represented in polar form as 11.26 − 63.

3. Calculate the side length of AC.

Figure 1.6: Example 3 [3]

Solution: First the internal angle C can be calculated since the summation of all internal

angles is 180◦.
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180 = 83 + 38 + C

C = 59◦

Now sine law can be applied to determine the side length AC or b.

b

sin(83)
=

25

sin(59)

b = 28.9 m

4. Solve the following triangle.

Figure 1.7: Example 4 [3]

Solution: To solve the triangle we must determine all side lengths and angles. Given 2 side

lengths and an angle we can use cosine law to solve for c:

c =
√

272 + 132 − 2(27)(13) cos(106)

c = 33 in

Now sine law can be applied to determine the angle A:

13

sin(A)
=

33

sin(106)

A = 22◦

6



Finally B can be determined using the summation of the internal angles of the triangle:

180 = 106 + 22 +B

B = 52◦

1.1.2 Engineering Examples

2-D vectors will be used predominately in Statics (ECOR 1045) and Dynamics (ECOR 1048).

They are required to decompose forces or motion into their components along the X and Y

direction. Sine law and cosine law will be used to determine resultant forces. The resultant

force can be calculated by adding the force vectors together and finding the resultant vector

through sine and cosine law.

1. Calculate the magnitude of the resultant force, ~F , and angle, θ, if Fx = 5 kN and Fy = 3 kN .

Figure 1.8: Engineering Example 1 [2]

Solution: The magnitude of the resultant force can be calculated as the hypotenuse of the

triangle according to Eq. 1.3.

|~F | =
√
52 + 32

|~F | = 5.83 kN

7



The angle can be calculated according to Eq. 1.4.

θ = tan−1
(
3

5

)
θ = 31◦

2. Calculate the components of each of the three forces.

Figure 1.9: Engineering Example 2 [2]

Solution: Starting off with ~F1, the components of the force can be described by:

F1x = 15 sin(40)

F1x = 9.64 kN

F1y = 15 cos(40)

F1y = 11.5 kN

Vector ~F2 provides the slope of the line instead of the angle. The slope can be used to determine

the components in the X and Y direction. The vector is travelling in the negative X direction

so the component will be negative.

F2x = −26(12/13)

F2x = −24 kN
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F2y = 26(5/13)

F2y = 10 kN

~F3 has components in the positive X direction and the negative Y direction as follows:

F3x = 36 cos(30)

F3x = 31.2 kN

F3y = −36 sin(30)

F3y = −18 kN

3. Calculate the components of the initial velocity of the ball if it is kicked at v0 = 20 m/s at

an angle θ = 30◦

Figure 1.10: Engineering Example 3 [1]

Solution: The components of the velocity of the ball can be calculated as follows:

v0x = 20 cos(30)

v0x = 17.3 m/s

v0y = 20 sin(30)

v0y = 10 m/s

9



4. Calculate the resultant force on the hook.

Figure 1.11: Engineering Example 4 [2]

Solution: The force triangle below can be formed by adding the tip of the 250 lb force to the

tail of the 375 lb force.

Figure 1.12: Engineering Example 4 force diagram

To determine the resultant force, ~FR, cosine law is applied since we know the other two side

lengths and the corresponding angle.

| ~FR| =
√

2502 + 3752 − 2(250)(375) cos(75)

| ~FR| = 393 lb

Now to determine the angle θ, sine law is applied:
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375

sin(θ)
=

393

sin(75)

θ = 67.2◦

5. Calculate the resultant force.

Figure 1.13: Engineering Example 5 [2]

Solution: The triangle below can be formed by adding the tip of the 800 lb force to the tail of

the 500 lb force. The inside angle is then calculated as 40◦+55◦ = 95◦.

Figure 1.14: Example 5 force diagram [2]

To determine the magnitude of the resultant force, ~FR, cosine law is applied as we know the

other two side lengths and the corresponding angle.

| ~FR| =
√

8002 + 5002 − 2(800)(500) cos(95)

| ~FR| = 980 lb
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Now to determine the angle θ, sine law is applied:

500

sin(θ)
=

980

sin(95)

θ = 30.6◦

1.1.3 Practice Problems

1. Determine the components of a 2-D vector with a magnitude of 5 kN at an angle of θ = 45◦

from the X axis.

2. A 2-D vector has coordinates of (5,3) determine the polar representation of this vector.

3. Determine the angle B of the following triangle.

Figure 1.15: Problem 3 [3]

4. Solve for the angle A.

Figure 1.16: Problem 4 [3]
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5. Determine the components of the forces in the figure below.

6. Calculate the resultant force using sine and cosine law in the figure below.

Figure 1.17: Problem 5/6 [2]

7. Determine the components of the forces in the figure below.

8. Calculate the resultant force using sine and cosine law in the figure below.

Figure 1.18: Problem 7/8 [2]

9. Determine the velocity components of the skier if he launches off at a speed of 30 m/s and

an angle of θ = 25◦.

Figure 1.19: Problem 9 [1]
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1.1.4 Answers

1. 3.5 kN, 3.5 kN

2. 5.86 31◦

3. 47◦

4. 50◦

5. -353 lb, 353 lb, 173 lb, 100 lb

6. 4876 112◦ lb)

7. 173, -100, 171, -470

8. 6666 − 59◦ N

9. 27.2 m/s, 12.7 m/s
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