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PHYSICS 12 VECTOR QUANTITIES AND OPERATIONS WITH VECTORS i
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VECTOR is an oriented ray with a head and a tail.
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» A symbol of a vector quantity has either an arrow ontop ( @ or () orin older texts is in bolded font (a) .
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Vectors in two dimensions can be added, subtracted, multiplied by a scalar and multiplied using a dot product(’)

» Vectors in three or more dimensions can be added, subtracted, multiplied by a scalar, multiplied using a dot
product and multiplied using a cross product (x )

> Ara pMCQ,Q and S mer/'Ca/(’. methods exists to

ry on the above operations




VECTOR NOTATION

> Symbol Examples: M/
» Equal sign a
= S
» Square brackets o/V” [/1&) /U(T/q j
» Vector components separated by a comma -t Z j
» Units '0/ - dx, dﬁ n
VECTOR COMPONENTS in 2 dimensions
» Mector components are vectorsiand as such they have direction and units
» Vector components are perpendicular to one another (= orthogonal)
» The horizontal vector component is listed first
» The vertical vector component is listed second

Resolving a vector into its componentsy

e

Example. Find vector components of initial velocity # = 57 m/s [30° above horizontal]. Write the velocity vector in
vector notation.

Sketch the velocity vector first. Label the angle and the vector components. Use trigonometry to find the vector
components. Remember to have your calculator set to degrees.
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General formulae for any two dimensional vector b with direction 6:

Horizontal component: Vertical components:

b= Il 0 6 b, HEk-sin &




1. Find the vector components of net force F=350N [west 25° south]. Include a diagram.
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Write the force vector using vector notation.
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2. Resolve a displacement vector d= 65 km [NW] into two orthogonal components. Include a diagram.
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Write the displacement vector using vector notation.
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If you feel that you need more practice, please see me.




Magnitude of a vector

Pythagoreanitheorem to calculate the magnitude of a vector in vector notation
> Magmtude is the size of the vector (how fast, how far, how strong ...etc)

Example: Fir;{i the magnifuc{e of a displacement vector d= [30,-40] km. Include a diagram.
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General formula to find the magnitude of vector b = [b x’ by]:
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Direction of a vector

¥ Use a tangent ratio to calculate the direction of a vector in vector notation

Example: Find the direction of the acceleration vector @ = [- 45, 20] m/s’ /-l l Waq, Iouw 5/( JQ)
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General formula to find the direction of vector = [bx , by] —————
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GRAPHICAL METHOD

» A vector diagram must be drawn to scale using a straight edge and a protractor
> All angles have to be exact
» *The orderof vectorsiis irrelevant when adding vectors
» The order of vectors.isimportantwhensubtracting.vectors

» Vector.subtraction.is-an.addition of a.negative vector
» Triangular and parallelogram method are the most frequent graphical methods of vector addition and

subtraction

“Negative vector” = vector that has the same magnitude but opposite direction.
Examples: Write negative vectors associated with the following vectors:

-

d = 35 km [W]

¥ = [20, - 68] km/h

d = 9.8 m/s® [left]

F = [-65,30] N

p = 45 kg.m/s [NW]
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Example.1. Vector addition — triangular method = “head-to-tail” method

Consider a vector d = [4,—5] units and ¢ = [-3, 7] units. Add the vectors using the triangular method.
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Write the resultant vector in vector notation. w P - ™ 0 & =1y
' X=0+tC = (L1 [ {mTs

What is the vector's magnitude?

170y 1o 2% 205 222 unch

What is the vector’s direction?
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Example 2. Draw a vector addition diagram of ¥ = 30 km/h [W 35° S] and % = 50 km/h [N 40°E].
Let 10 km|h _pe repregecded by LCm.
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Measure the magnitude of the resultant vector.
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Measure the direction of the resultant vector.
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How could you confirm the accuracy of the measured values?
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In your own words describe the “head-to-tail” method of vector addition




Example 3. Consider a vector b= [4, —5] units and m = [-3, 7] units. Subtract m from b using the triangular method.

Negative 1 = [3/-—7] hmh
b-tis = bt (~hr) = [4-57¢L87]
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Write the resultant vector in vector notation:
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Example 4. Consider a vector b= [4, —5] units and 71 = [-3, 7] units. Subtract b from m using the triangular method.

Negative b = -g = L~ L{I S],U,W'%J

rﬁj = Y_; + (—Z) =[-b,71+[—w,53
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Write the resultant vector in vector notation:
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How the resultant vectors from example 3 and 4 compare? In what way are they same and in what way are they
different?

( g';’) aﬂﬂﬁl (V; ”1:) Ll/w’d %A da e I/Vl,é'(t/ﬁ"—tg‘%’iﬁ(—c
el 0/3}30 55"/‘/' olire ch e




NUMERICAL METHOD

Label the vector components on the diagrams

Sketch a diagram of the vector addition or subtraction

Resolve all given vectors into their vector components (when necessary)

Write a vector equation of the addition or subtraction

Carry out all operations

Write the resultant vector in vector notation.

Sketch a diagram of the resultant vector or highlight it in the diagram from step 3.
Find the magnitude of the resultant vector using the Pythagorean theorem

. 10. Find the direction of the resultant vector using the tangent ratio
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Example 1: Consider vectors @ =[3,-21m, b =[13,2]mand & =[O0, 5]m

a)Findvectorm =@ +b +¢. What is the magnitude and direction of the resultant vector?
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b) Findvectorg =¢ —d + b . What is the magnitude and direction of the resultant vector?
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Example 2: Consider three forces Fpy; = 25.0 N [left 20° up], E;= 15.0 N [down], and F,J =6.4 N [up], acting on an
object at once. Find the magnitude and direction of the net force.

s TOIee.
- oS )

o Fot= Foull 4 Ry +
- [-23.4923 8.6505 J¢lo; 18 U+ [o,6.47

- :[-23.‘1923/ 0.0495 N

=(-23, 01N

e W= 221

E | e D-N/h > lefd

e EML = A5N [lc#]

Example 3: Consider an object that is g}xshed,on a horizontal surface with force Fy, 5, = 75.0 N [left] and experiences

force of friction Fy=23N. 5y E‘ = AvnT Rfcd N
Y,

a) Write the force vectors using vector notation.
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b) Write a vector equation that expresses the net force.

S AsSume om Cavdle

= — = > = - o - r
FML = }:3 f?n)"i F?u,{,\ == Pl [‘N-O)OU ijz:D]
e ~[-,01 W
O

- ¢) Calculate the magnitude and direction of the net force. B
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