
Chapter 3 - Vectors

I. Definition

II. Arithmetic operations involving vectors

A) Addition and subtraction 

- Graphical method
- Analytical method  Vector components

B) Multiplication 
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Review of angle reference system

Origin of angle reference system
θ1

0º<θ1<90º

90º<θ2<180º

θ2

180º<θ3<270º

θ3 θ4

270º<θ4<360º

90º

180º

270º

0º

Θ4=300º=-60º

Angle origin
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I. Definition

Vector quantity: quantity with a magnitude and a direction. It can be 
represented by a vector.

Examples: displacement, velocity, acceleration.

Same displacement

Displacement does not describe the object’s path.

Scalar quantity: quantity with magnitude, no direction.

Examples: temperature, pressure
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Rules:

)1.3()( lawecommutativabba 


)2.3()()()( laweassociativcbacba 


II. Arithmetic operations involving vectors

- Geometrical method a
b


bas




Vector addition: bas



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Vector subtraction: )3.3()( babad




Vector component: projection of the vector on an axis.





sin
)4.3(

cos

aa

aa

y

x





x

y

yx

a
a

aaa





tan

)5.3(

22 Vector magnitude

Vector direction
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Unit vector: Vector with magnitude 1.
No dimensions, no units.

axeszyxofdirectionpositiveinvectorsunitkji ,,ˆ,ˆ,ˆ 

)6.3(ˆˆ jaiaa yx 


Vector component

- Analytical method: adding vectors by components.

Vector addition:

)7.3(ˆ)(ˆ)( jbaibabar yyxx 

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Vectors & Physics:

-The relationships among vectors do not depend on the location of the origin of 
the coordinate system or on the orientation of the axes.

- The laws of physics are independent of the choice of coordinate system.

 



'
)8.3(

'' 2222
yxyx aaaaa

Multiplying vectors:

- Vector by a scalar:
- Vector by a vector:

Scalar product = scalar quantity

asf 


)9.3(cos zzyyxx bababaabba  


(dot product)
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)90(0cos0

)0(1cos
















ba

abbaRule: )10.3(abba 


090cos11

10cos11












jkkjikkiijji

kkjjii

Multiplying vectors:

- Vector by a vector
Vector product = vector

sin

ˆ)(ˆ)(ˆ)(

abc

kabbajbaabiabbacba yxyxxzxzzyzy






(cross product)

Magnitude

Angle between two vectors: ba
ba







cos
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)12.3()( baab


Rule:

)90(1sin

)0(0sin0
















abba

ba

Direction right hand rule

bacontainingplanetolarperpendicuc
 ,

1) Place a and b tail to tail without altering their orientations.
2) c will be along a line perpendicular to the plane that contains a and b

where they meet.
3) Sweep a into b through the smallest angle between them.

Vector product
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P2

kjid

kjid

kjid

ˆ2ˆ3ˆ4

ˆ3ˆ2ˆ

ˆ6ˆ5ˆ4

3

2

1













?,)(

?)(

?)(

?)(

2121

21

321

ddofplaneinanddtolarperpendicudofComponentd

dalongdofComponentc

zandrbetweenAngleb

dddra













θ

d1

d2

kjikjikjikjidddra ˆ7ˆ6ˆ9)ˆ2ˆ3ˆ4()ˆ3ˆ2ˆ()ˆ6ˆ5ˆ4()( 321 


mr

rkrb

88.12769

123
88.12
7cos7cos1ˆ)(

222

1









 

   

md

m
dd
ddddd

dd
ddddddc

74.3321

2.3
74.3
12cos

coscos1218104)(

222
2

21

21
11//1
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21
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



















 d1//

d1perp

md

mddddd perpperp

77.8654

16.82.377.8)(

222
1

22
1

2
1

2
//11





P3

kjid

kjidIf

ˆˆ2ˆ5

ˆ4ˆ2ˆ3

2

1








?)4()( 2121 dddd




Tip: Think before calculate !!!

04090cos

),(4)(4)4(

),()(

212121

2121







babtolarperpendicua

planeddtolarperpendicubdddd

planeddincontainedadd








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y

x

A

B

130º 


1405090)(  AandybetweenAnglea






90)(),(

ˆ,ˆ)(,)(





xyBAplane

larperpendicuCbecausekjangleCBAyAngleb

P4: Vectors A and B lie in an xy plane. A has a magnitude 8.00 and angle 130º; B has
components Bx= -7.72, By= -9.20. What are the angles between the negative direction of
the y axis and (a) the direction of A, (b) the direction of AxB, (c) the direction of Ax(B+3k)?ˆ

kji
kji

EAD

kjikBE

DkBADirectionc

ˆ61.94ˆ42.15ˆ39.18
320.972.7
013.614.5

ˆˆˆ

ˆ3ˆ2.9ˆ72.7ˆ3

)ˆ3()(






















99
61.97
42.15

1
ˆ

cos

42.15)ˆ61.94ˆ42.15ˆ39.18(ˆˆ
61.9761.9442.1539.18 222







 





















D
Dj

kjijDj

D
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�⃗� =  𝑎𝑥 �̂� + 𝑎𝑦 𝑗̂ 

𝑎𝑥 = 𝑎 cos 𝜃 = 7.3 𝑚 cos(250°) = −2.5 𝑚 

𝑎𝑦 = 𝑎 sin 𝜃 =  7.3 𝑚 sin (250°) =  −6.9  𝑚 

 

𝑎𝑥 = 𝑎 cos 𝜃 = −7.3 𝑚 cos(70°) =  −2.5 𝑚 

𝑎𝑦 = 𝑎 sin 𝜃 = − 7.3 𝑚 sin (70°) =  −6.9  𝑚 

 

 

�⃗� = (4.0 𝑚)�̂� + (3.0 𝑚)𝑗 ̂

�⃗⃗� = (−13.0 𝑚)�̂� + (7.0 𝑚)𝑗̂ 

a)  �⃗� + �⃗⃗�  = (4.0 𝑚)�̂� + (3.0 𝑚)𝑗̂ +  (−13.0 𝑚)�̂� + (7.0 𝑚)𝑗 ̂

            �⃗� + �⃗⃗�  = (4.0 − 13 .0 )𝑚�̂� + (3.0 + 7.0 )𝑚𝑗̂ 

             𝑟 =  �⃗� + �⃗⃗�  = (−9.0 𝑚)�̂� + (10.0 𝑚)𝑗 ̂

b) 𝑟 = (−9.0 𝑚)�̂� + (10.0 𝑚)𝑗 ̂

 

𝒓 = √𝒓𝒙
𝟐 + 𝒓𝒚

𝟐 = √(−𝟗. 𝟎)𝟐 + (𝟏𝟎. 𝟎)𝟐 = 𝟏𝟑. 𝟓 𝒎 

 

c) 𝜃 = 𝑡𝑎𝑛−1 (
𝑟𝑦

𝑟𝑥
) = 𝑡𝑎𝑛−1 (

10.0

−9.0
) =  −48°  

The vector has negative x component and positive y component so it lies in the second 

quadrant. 

�⃗� + �⃗⃗� has a magnitude of 13.45 m with 132°counterclockwise the positive x-axis. 

(42°𝑤𝑒𝑠𝑡 𝑓𝑟𝑜𝑚 𝑛𝑜𝑟𝑡ℎ)  
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                �⃗� = (𝑎 cos 𝜃1) �̂� + (𝑎 sin 𝜃1) 𝑗̂ 

                �⃗� = (10.0 cos  30°) 𝑚 �̂� + (10.0 sin  30°) 𝑚 𝑗̂ = 8.66 𝑚 �̂� +  5.0 𝑚 𝑗̂ 

                �⃗⃗� = (𝑏 cos 𝜃) �̂� + (𝑏 sin 𝜃) 𝑗̂ , 𝜃 = 105° + 30° = 135° 

�⃗⃗� = (10.0 cos  135°) 𝑚 �̂� + (10.0 sin  135°) 𝑚 𝑗̂ = (−7.07 𝑚) �̂� + (7.07 𝑚) 𝑗 ̂

 

𝑟 =  �⃗� + �⃗⃗� = (8.66 𝑚 �̂� +  5.0 𝑚 𝑗̂) + ((−7.07 𝑚)�̂� + (7.07 𝑚)𝑗̂) 

𝑟 = (1.59 𝑚) �̂� + (12.07 𝑚) 𝑗 ̂

a) 𝑟𝑥 = 1.59 𝑚 

b) 𝑟𝑦 = 12.07 𝑚 

c) 𝑟 = √𝑟𝑥
2 + 𝑟𝑦

2 = √(1.59)2 + (12.07)2 = 12.17 𝑚 

 

d) 𝜃 = 𝑡𝑎𝑛−1 (
𝑟𝑦

𝑟𝑥
) = 𝑡𝑎𝑛−1 (

12.07

1.59
) =  82.5°  
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