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Units of Chapter 3

3-1: Scalars Versus Vectors

3-2: The Components of a Vector

3-3:  Adding and Subtracting Vectors

3-4:  Unit Vectors

3-5:  Position , Displacement , Velocity and Acceleration Vectors.
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Scalars Versus Vectors

• Scalar: number with units

• Examples: time, temperature

• Vector: quantity with magnitude and direction

• How to get to the Library? You need to know 
how far and in which direction 

• Examples: position, displacement, velocity

• Ԧr represents a vector of magnitude 𝑟 or | Ԧr |
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Vector Components

• Even though you know how far and in which 
direction the library is, you may not be able to 
walk there in a straight line!

• Adding the components of Ԧr leads to the same 
vector Ԧr

• To describe a vector, one needs:
• It’s length and direction (angle), OR
• It’s components (here two components; 

along the x-axis and the y-axis). For 3D 
vectors you need 3 components.
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Vector Components

I. If you know the length (magnitude) and the angle, you can calculate the components 
using trigonometry.

Note that cos 𝜃 = 𝐴𝑥/𝐴 and sin 𝜃 = 𝐴𝑦/𝐴. Therefore:
 𝐴𝑥= 𝐴 cos 𝜃

 𝐴𝑦= 𝐴 sin 𝜃

II. On the other hand, if you know the components you can calculate the length and the 
angle: (Pythagorean theorem)

𝐴 = 𝐴𝑥
2 + 𝐴𝑦

2 and   𝜃 = tan−1 𝐴𝑦
𝐴𝑥
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Problems 
Problem 5            
The Press box at a baseball park is 32.0 ft above the ground. A reporter in the press box looks at an 
angle of 15.0° below the horizontal to see second base. What is the horizontal distance from the press 
box to second base?

Problem 8
Find the x and y components of a position vector r of magnitude r = 75 m, if its angle relative to the x 
axis is (a) 35.0° and (b) 65.0°.                                                                                                            
Answer: (a)    𝑟௫
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Vector Components

1st quadrant 2nd quadrant

3rd quadrant 4th quadrant

*



Problems 
Problem 14
You drive a car 680 ft to the east, then 340 ft to the north. (a) What is 
the magnitude of your displacement? (b) estimate the direction of your 
displacement with a numerical calculation.

Problem 17
A whale comes to the surface to breathe and then dives at an angle of 
20.0° below the horizontal. If the whale  continues in a straight line for 
150 m, (a) how deep it is, and (b) how far has it travelled horizontally?
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Answer:  𝑟 = 760 𝑓𝑡 𝜃 = 27⁰ 𝑛𝑜𝑟𝑡ℎ 𝑜𝑓 𝑒𝑎𝑠𝑡

Answer: The depth is given by ry:
(b) The horizontal travel distance is given by rx: 

   sin 150 m sin 20.0 51 myr r    

   cos 150 m cos 20.0 140 m 0.14 kmxr r     

   sin 150 m sin 20.0 51 myr r       cos 150 m cos 20.0 140 m 0.14 kmxr r     
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Adding Vectors Analytically/Mathematically

• Vectors are added by 
components:

• If 𝐶 = 𝐴 + 𝐵 then 𝐶௫ = 𝐴௫ +
𝐵௫ and 𝐶௬ = 𝐴௬ + 𝐵௬
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3-3 Adding and Subtracting Vectors

Adding Vectors Using Components:

1. Find the components of each vector to be added.

2. Add the x- and y-components separately.

3. Find the resultant vector.



Example
 The vector A has a magnitude of 5.0o m and the direction angle of 60o;the 

vector B has a magnitude of 4.00m and a direction angle of 20o .  

1)   Find  (a) magnitude of resultant vector ‘ Ԧ𝐶= A+B
(b) and, its direction angle 

2)  Find (a) magnitude of resultant vector   𝐷 = A-B
(b) and, its direction angle 

Solution:   Ax = 2.50m, Ay= 4.33m ,  Bx= 3.76m,    By= 1.37m
1) Cx = 6.26m,   Cy= 5.70m 
a1) C  =8.47m ,   a1) Ѳ= 42.3o

2) Dx = -1.26 m,   Dy= 2.96  m 
a2) D  = 3.22 m ,   a2) Ѳ= - 67o = 113o

Eli
#

.
25 + 5 .

65 = 8 .43m

Cy= Ax + By

2y = Ay + BY

By = B . coso = 4 . cos20 = 3 . 75 m

Asa I By = B .
SinD = 4 . Sin 20 = 1 . 36 m

(x = 2 . b + 3 . 75 = 6 .25m
found

Cy = 4 . 3 + 1 . 36 = 5 . 66m
J component
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Subtracting Vectors

• Subtracting vectors works similar to 
adding vectors.

𝐷 = 𝐴 − 𝐵 is the same as 𝐷 = 𝐴 +
(−𝐵). 
Note that −𝐵 ( negative of vector B) 
has the same magnitude as 𝐵, but 
with opposite direction
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Multiplying Vectors by Scalars 

• The scalar multiplier changes the vector 
length, and the scalar sign can change the 
direction.

• This allows vectors to be factored into a 
unit vector and a multiplier.  The unit 
vector specifies only the direction, while 
the multiplier provides the magnitude and 
units of the vector.
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Representing Vectors Mathematically

• The vector 𝐴 with an x-component of 𝐴௫ and a 
𝑦-component of 𝐴௬ is written mathematically 
as: 

𝐴 = 𝐴௫ ො𝑥 + 𝐴௬ ො𝑦
• Here: ො𝑥 and ො𝑦 are the units' vectors. 
• Unit vectors are dimensionless vectors of unit 

length (magnitude of one).
ො𝑥 points along the x-axis and ො𝑦 points along the 
y-axis. They are used to indicate the directions of 
the components.
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Adding vectors using the unit vector notation

𝐶 = 𝐴 + 𝐵 = 𝐴௫ + 𝐵௫ ො𝑥 + 𝐴௬ + 𝐵௬ ො𝑦
𝐷 = 𝐴 − 𝐵 = 𝐴௫ − 𝐵௫ ො𝑥 + 𝐴௬ − 𝐵௬ ො𝑦

This works for any number of vectors: add the 𝑥-components together and the 𝑦-

components together
13

𝐴 = 𝐴௫ ො𝑥 + 𝐴௬ ො𝑦



1D 2D

=
-X = Xf - Xi

(rfx -Vix) + (Vfy - Viy)

by = Yf - Yi

=
o + Nug



Dr = rf - ri

(vix) +fix)
=

Displacement
&



Displacement Vector

• The position vector 𝑟 points from the origin to 
the location in question.

• The displacement vector ∆ 𝑟 points from the 
original/initial position to the final position:

∆ 𝑟 = 𝑟୤ − 𝑟୧
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Velocity

Average Velocity:

• In one dimension: 𝑣ୟ୴ =
୼௫
୼௧

• In general: 𝑣⃗ୟ୴ =
୼௥⃗
୼௧

𝑣⃗ୟ୴ is in the same direction as Δ𝑟
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Acceleration

• Average Acceleration:

𝑎⃗ୟ୴ =
୼௩
୼௧

𝑎⃗ୟ୴ is in the same direction as 

the change in velocity Δ𝑣⃗
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Problems 

Exercise 6: A dragonfly is observed initially at the position 𝑟୧ =
(2.00 m) ො𝑥 + (3.50 m) ො𝑦. Three seconds later it is at the position 𝑟୤ =
(−3.00 m) ො𝑥 + (5.50 m) ො𝑦. What was the dragonfly’s average velocity 
during this time?

Exercise:7 A sailboat has coordinates (130 m, 205 m) at 𝑡1 = 0.0 s.  Two 
minutes later its position is (110 m, 218 m).  Find its average velocity.
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Scalar or Dot Product

• Dot (or Scalar) Product:
𝐴 ȉ 𝐵 = 𝐴 𝐵 cos 𝜃

• 𝜃 is the angle between the two vectors.
• The result is a scalar.

• (note: ො𝑥 ȉ ො𝑥 = 1, ො𝑥 ȉ ො𝑦 = 0, ……)
The following laws are valid 

𝐴. 𝐵 = 𝐵. 𝐴

𝐴. 𝐵 + 𝐶 = 𝐴. 𝐵 + 𝐴. 𝐶
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Vector or Cross Product

• Cross product defined as:

𝐴 × 𝐵 = 𝐴 𝐵 sin 𝜃 ො𝑛

• 𝜃 is the angle between the two vectors.
• The result is a vector, perpendicular to the plane in which 

the two vectors exist. (for example: ො𝑥 × ො𝑦 = 𝑧̂, ො𝑥 × ො𝑥 = 0)
• Where n is a unit vector indicating the direction of 𝐴 × 𝐵. 

The following Laws are Valid:
𝐴 × 𝐵 = −𝐵 × 𝐴

𝐴 × 𝐵 + 𝐶 = 𝐴 × 𝐵 + 𝐴 × 𝐶
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Exercises

Exercise 3-7: Find the speed and direction of motion for a rainbow trout whose velocity 
is 𝑣⃗ = 3.7 m/s ො𝑥 + −1.3 m/s ො𝑦.
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