
CHAPTER 1 Units, Physical 
Quantities, and 
Vectors 
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PHYSICAL QUANTITY

Physical quantity = numerical value × unit

Examples:     

mass:  m=70 kg     

force:   F=50 N    
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1. STANDARDS AND UNITS

SI units (International System of units) 
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Examples: 

𝟏𝟎−𝟗𝐦 = 𝟏 𝐧𝐦

𝟏𝟎−𝟔𝐦 = 𝟏 𝝁𝐦

𝟏𝟎−𝟑𝐦 = 𝟏𝐦𝐦

𝟏𝟎−𝟐𝐦 = 𝟏 𝐜𝐦

𝟏𝟎𝟑𝐦 = 𝟏 𝐤𝐦
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Example 1.1: 

1. Express the area of 𝟔. 𝟎 𝐜𝐦𝟐 in 𝐦𝟐

𝟔. 𝟎 𝐜𝐦𝟐 = 𝟔. 𝟎 𝟏𝟎−𝟐𝐦
𝟐
= 𝟔. 𝟎 × 𝟏𝟎−𝟒𝐦𝟐

2. Express the speed of 𝟏𝟑𝟎 𝐤𝐦/𝐡 in 𝐦/𝐬

𝟏 𝐤𝐦 = 𝟏𝟎𝟑𝐦 𝐚𝐧𝐝 𝟏 𝐡 = 𝟑𝟔𝟎𝟎 𝐬

𝟏𝟑𝟎
𝐤𝐦

𝐡
= 𝟏𝟑𝟎

𝐤𝐦

𝐡

𝟏𝟎𝟎𝟎𝐦

𝐤𝐦

𝐡

𝟑𝟔𝟎𝟎 𝐬
= 𝟑𝟔. 𝟏 𝐦/𝐬

2. USING AND CONVERTING UNITS
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3. VECTORS AND VECTOR ADDITION
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VECTOR ADDITION
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4. COMPONENTS OF VECTORS
A vector,

𝐀 = (𝐀𝐱, 𝐀𝐲)

The magnitude of a vector,

𝐀 = 𝐀𝐱
𝟐 + 𝐀𝐲

𝟐

The x-component of a vector,

𝐀𝐱 = 𝐀𝐜𝐨𝐬 𝛉

The y-component of a vector,

𝐀𝐲 = 𝐀𝐬𝐢𝐧𝛉
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Quadrant

Component

1st 2nd 3rd 4th

𝐀𝐱 (+) (-) (-) (+)

𝐀𝐲 (+) (+) (-) (-)

Direction 𝜽 𝟏𝟖𝟎 − 𝜽 𝟏𝟖𝟎 + 𝜽 𝟑𝟔𝟎 − 𝜽

The direction of a vector

𝜽 = 𝐭𝐚𝐧−𝟏
𝐀𝐲

𝐀𝒙

5. UNIT VECTORS:

Ƹ𝒊 = Ƹ𝒋 =1

𝐀 = 𝐀𝐱 Ƹ𝒊 + 𝐀𝐲 Ƹ𝒋
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Example 1.2:

Find the x- and y- components of the vector 𝑫?

The magnitude of the vector is 𝑫 = 𝟑. 𝟎 m, and the angle 
𝜶 = 𝟒𝟓𝒐.

The direction of the vector 𝑫 in 4th quadrant is:

𝜽 = 𝟑𝟔𝟎 − 𝜶 = 𝟑𝟔𝟎 − 𝟒𝟓 = 𝟑𝟏𝟓𝒐

Then,

𝑫𝐱 = 𝑫𝐜𝐨𝐬𝜽 = 𝟑 𝒄𝒐𝒔 𝟑𝟏𝟓 = +𝟐. 𝟏

𝑫𝒚 = 𝑫𝒔𝒊𝒏𝜽 = 𝟑 𝒔𝒊𝒏 𝟑𝟏𝟓 = −𝟐. 𝟏
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Sum and subtraction of two vectors: 

𝑪 = 𝑨 ± 𝑩 ⟹ 𝑪𝒙 = 𝑨𝒙 ±𝑩𝒙 and 𝑪𝒚 = 𝑨𝒚 ±𝑩𝒚

Example 1.3: 𝐀 = 𝟐 Ƹ𝒊 − 𝟐 Ƹ𝒋 and   𝑩 = 𝟒 Ƹ𝒊 − 𝟔 Ƹ𝒋. Find:

a) 𝑪 = 𝑨 + 𝑩.            b) 𝑫 = 𝑨 − 𝑩.          c) the magnitudes of 𝑪 and  𝑫.  

e) the directions of 𝑪 and  𝑫 .

a) 𝑪𝒙 = 𝟐 + 𝟒 = 𝟔 and 𝑪𝒚 = −𝟐 − 𝟔 = −𝟖⟹ 𝑪 = 𝟔 Ƹ𝒊 − 𝟖 Ƹ𝒋

b) 𝑫𝒙 = 𝟐 − 𝟒 = −𝟐 and 𝑫𝒚 = −𝟐 + 𝟔 = 𝟒 ⟹ 𝑫 = −𝟐 Ƹ𝒊 + 𝟒 Ƹ𝒋

c) 𝐂 = 𝟔 𝟐 + −𝟖 𝟐 = 𝟏𝟎 and 𝐃 = −𝟐 𝟐 + 𝟒 𝟐 = 𝟒. 𝟒𝟕

e) 𝜽𝑪 = 𝐭𝐚𝐧−𝟏
𝟖

𝟔
= 𝟓𝟑𝒐 ⟹ direction of 𝑪 = 𝟑𝟔𝟎 − 𝟓𝟑𝒐 = 𝟑𝟎𝟕𝒐

𝜽𝑫= 𝐭𝐚𝐧−𝟏
𝟒

𝟐
= 𝟔𝟑𝒐 ⟹ direction of 𝑫 = 𝟏𝟖𝟎 − 𝟔𝟑𝒐 = 𝟏𝟏𝟕𝒐
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6. PRODUCTS OF VECTORS
The scalar product of two vectors:

𝐀 = 𝐀𝐱 Ƹ𝒊 + 𝐀𝐲 Ƹ𝒋 𝑩 = 𝑩𝐱 Ƹ𝒊 + 𝑩𝐲 Ƹ𝒋

Ƹ𝒊 . Ƹ𝒊 = Ƹ𝒋. Ƹ𝒋 = 𝟏 and Ƹ𝒊 . Ƹ𝒋 = Ƹ𝒋. Ƹ𝒊 = 𝟎

𝐀 .𝑩 = 𝐀𝐱𝑩𝐱 + 𝐀𝐲𝑩𝒚

Example 1.4: 

Calculate the scalar product of the two vectors:

𝐀 = 𝟐 Ƹ𝒊 + 𝟑 Ƹ𝒋 𝑩 = 𝟒 Ƹ𝒊 − 𝟓 Ƹ𝒋

𝐀 . 𝑩 = 𝟐 × 𝟒 + 𝟑 × −𝟓 = 𝟖 − 𝟏𝟓 = −𝟕
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