Vectors and Scalars

Scalar Quantities:____________________________________________________________

__________________________________________________________________________

Vector Quantities:____________________________________________________________

__________________________________________________________________________

Geometric Vectors:___________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

Bearings:___________________________________________________________________

__________________________________________________________________________

1. Which of the following can be described by a vector?

a) 
a river current of 5 m/s due south

b) 
the speed of a river current

c) 
the weight of an elephant on Earth
d) 
the acceleration of a motor bike

e) 
a distance of 7 km toward 90°

f) 
the temperature of an engine

g) the momentum of a truck with a mass of 200 kg travelling east at 80 km/h

h) 
the age of an airplane heading north at 500 km/h

2. 
Use the given scales to find the magnitude of each vector.

a) 
Scale: 1 cm = 5 km/h


b)
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3. 
Use a protractor to find the bearing of each vector.

a) [image: image1.png]Scale: 1 em =20 N
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c)
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d)

4. 
Construct a scale drawing of the following vectors. Supply all necessary labels.

a) 
a force of 200 N at [280°]; scale: 1 cm = 50 N

b) 
a velocity of 15 m/s at [80°]; scale: 1 cm = 5 m/s

c) 
an acceleration of 20 m/s2 at [90°]; scale: 1 cm = 5 m/s2
d) 
a displacement of 18 paces at [200°]; scale: 1 cm = 3 paces

e) 
a velocity of 80 km/h at [300°]; scale: 1 cm = 20 km/h
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5. 
Find the magnitude and bearing of each vector.
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6. 
For each of the vectors below, give the direction of the opposite vector.

a) 
25 km/h at [90°]



b)  
1000 N [down]

c) 
50 m/s2 at [180°]



d) 
12 km at [80°]

e) 
1000 km/h [up]



f) 
700 N [300°]

7. 
Construct a scale diagram to represent each of the following situations. Be sure to include the scale used.

a) A force is pushing horizontally

b)
Leigh Ann paddles her canoe

 against a rock with a magnitude


at a rate of 5 km/h on a

 of 300 N.





bearing of [20°].

8. 
Each vector below represents the velocity of an ocean current along the west coast of North America. Using the scale 1 cm = 0.1 m/s, determine the magnitude and bearing of each vector.
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a) 




b)



c)

9. 
a) 
Place an X in the centre of a piece of paper. Construct a scale diagram to 

represent the following route from point X to point Y using a scale of 1 cm = 2 m. Assume north is at the top of the page.

• 8 m [0°]

• 6 m [290°]

• 3 m [50°]

• 10 m [110°]

b) 
Determine the magnitude and bearing of the displacement vector 
[image: image5.wmf]YX
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, which represents the direct return to point X from point Y.

10. 
a) 
Place an X in the centre of a piece of paper. Construct a scale diagram to 

represent the following route from point X to point Y using a scale of 1 cm = 5km. Assume north is at the top of the page.

• 10 km [270°]

• 5 km [140°]

• 15 km [90°]

• 17.5 km [5°]

• 11 km [180°]

b) 
Determine the magnitude and bearing of the displacement vector 
[image: image6.wmf]YX
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, which represents the direct return to point X from point Y.
Describing Direction with Vectors

There are three basic ways of describing direction when using vectors:

· Bearings – [075o]:  How far is the vector turned clockwise, away from North which is given a bearing of 0o.
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· N 80o W:  the major direction is given first, then the vector is turned from that direction according to the number of degrees in the second direction.
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· 35o west of south:  the major direction is given second, then the vector is turned from that direction according to the number of degrees in the first direction.
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Give the following directions using the three different methods.
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Vectors also have magnitude which is represented by the length of the arrow according to the appropriate scale.

For example:  An airplane flies at a rate of 450 kph in a direction 40o north of east.

For example:  A wind blows with a bearing of 30o at a rate of 20 kph

Examples:

Draw scale diagrams of the following vectors:

a) a plane flies northwest


b)
a river current flows with a 

at a rate of 300 kph.
bearing of 130o at a rate of 

10 kph.

c)
A woman walks 3 km at a 



d)
A plane flies at a rate of 500 kph

bearing of 220o.





with a heading of S 40o W.

e) A man walks 5 km in a direction

of 30o north of east.

Adding Vectors Using Scale Diagrams

· When two vectors are added, a third vector, called the resultant, is produced.

· When two vectors are arranged sequentially, they are head-to-tail.

· When two vectors are acting on the same point, they are arranged tail-to-tail.  Tail-to-tail vectors can be added using the parallelogram method of addition.

· Vectors can be added in any order:
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Example:  Adding Vectors  Using the Head to Tail Method

Using the head-to-tail method of addition, find the resultant of the following pair of vectors.

400 N [200°] and 500 N [60°]
Example:  Adding Vectors Using the Parallelogram Method

Using a protractor, a ruler, and the parallelogram method of addition, find the resultant of the following pair of vectors.

40 km/h [20°] and 40 km/h [320°]
Extra Examples:

1. 
Using a protractor, a ruler, and the parallelogram method of addition, find the resultant of each of the following pairs of vectors.

a)
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b)
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2. 
Using a protractor, a ruler, and the parallelogram method of addition, find the resultant of each of the following pairs of vectors.

a) 
5 km [70°] and 3 km [110°]


b) 
300 N [200°] and 600 N [250°]

3. 
Using the head-to-tail method of addition, find the resultant of each of the following pairs of vectors.
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b)

4. 
Using the head-to-tail method of addition, find the resultant of each of the following pairs of vectors.

a) 
40 km [70°] and 30 km [160°]

b) 
2 m/s2 [0°] and 6 m/s2 [130°]

5. 
In the geometric figure below, determine each vector sum.
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6. 
A ship travels 12 km on a bearing of 60°.  It then changes direction and travels 10.4 km on a bearing of 210°. How far, and with what bearing, must the ship travel to return directly to its starting point?

7. 
A plane travelling due south at a speed of 300 km/h encounters a wind with a velocity of 50 km/h toward the east.  Draw a scale diagram to determine the resultant velocity of the plane.

8. 
An object with a weight of 800 N is suspended by two ropes. The force exerted by one rope is 600 N, directed to the left at an angle of 40° above the horizontal.  What force must be exerted by the other rope to keep the object from moving?  Draw a scale diagram.

9. 
An object with a weight of 300 N is suspended by two ropes. The force exerted by one rope is 800 N, directed to the left at an angle of 20° above the horizontal. What force must be exerted by the other rope to keep the object from moving? Draw a scale diagram.
10. 
Two ropes are being used to pull an object along the ground. One rope exerts a force of 400 N toward [60°] while the other rope exerts a force of 500 N toward [110°]. Determine the resultant force on the object.

11.
Using the head-to-tail method of addition, find the resultant of the

following series of vectors.

• 5 m [100°]

• 3 m [70°]

• 6 m [290°]

W E S L E Y

12. 
Using the head-to-tail method of addition, find the resultant of the following series of vectors.

• 3 m/s [230°]

• 5.5 m/s [305°]

• 4 m/s [80°]

13. 
A plane is travelling with a velocity of 450 km/h at an angle of 35° above the horizontal. It encounters a horizontal wind that blows toward the plane at 50 km/h.  Determine the resultant velocity of the plane.

14. 
A ship is travelling at 15 knots on a heading of 335°.  It encounters an ocean current of 3 knots toward [200°].  What is the resultant velocity of the ship?
Multiplying a Vector by a Scalar

Multiplying a vector, 
[image: image17.wmf]v
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 by a scalar, k, creates a new vector with the magnitude k times as large.  The direction of the vector does not change unless the scalar is negative which would then make the new direction opposite to the original.  Multiplying by zero creates a vector of magnitude 0.
1. 
The vector 
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 represents a displacement of 20 km [90°]. Make a scale drawing of each of the following vectors using a scale of 1 cm = 20 km. What displacement does each vector represent?

a) 
4
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b) 
3
[image: image20.wmf]v

r

 


c) 
-5
[image: image21.wmf]v

r






d) 
2
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2. 
The vector 
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 represents a weight of 5000 N. Make a scale drawing of each of the following vectors using a scale of 1 cm = 5000 N.  What weight does each vector represent?

a) 
3
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3. 
The vector 
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 below represents a velocity of 80 km/h [east].  What velocity does each of the following vectors represent?

[image: image31.png]sokmh

K




a) 
3
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4. 
The vector 
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 below represents a velocity of 20 km/h [65°].  What velocity does each of the following vectors represent?
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5. 
The vector 
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below represents a velocity of 15 m/s [115°].  What velocity does each of the following vectors represent?
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6. 
A car is travelling at 60 km/h due north. Using a scale of 1 cm = 20 km/h, draw a scale diagram of its velocity. The car increases its speed by a factor of 2.   Draw the new velocity vector.

7. 
Travelling east from Vancouver to Hope, the speed limit on the Trans Canada Highway is 50 km/h. Leaving Hope in an easterly direction, the speed limit on a stretch of the highway is increased to 110 km/h.  How many times greater than the slower speed limit is the faster one?

Solving Vector Problems by Computation

Pythagorean Theorem:


a2 + b2 = c2
Right Angle Trigonometry:
Used with right angle triangles.

  Sin A =    opposite

Cos A =    adjacent

Tan A = opposite


     Hypotenuse

    Hypotenuse

   adjacent

Sine Law:
Used in Oblique(non-right angle) triangles when given an angle and the side opposite the angle(a complete pair).

Sin A = Sin B = Sin C
a           b           c

Cosine Law:
Used in Oblique triangles when given two sides and the angles in-between, or when given three sides. 

a2 = b2 + c2 - 2bcCosA  
or  
CosA = b2 + c2 - a2



                       

2bc

1. 
For each of the diagrams below, calculate the resultant of each pair of vectors. The diagrams are not drawn to scale.
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2. 
In each of the following diagrams, two vectors have been added to obtain the resultant, 
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.  Use you knowledge of trigonometry to determine 
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Calculate the magnitude of the resultant.________________________________


Determine 
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Calculate the magnitude of the resultant.________________________________


Determine 
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Calculate the magnitude of the resultant.________________________________


Determine 
[image: image60.wmf]Ð

A in 
[image: image61.wmf]D

ABC and the bearing of the resultant 
[image: image62.wmf]b

r

._________________

3. 
For each of the diagrams below, complete the vector parallelogram and indicate the triangle you will need to solve in order to determine the magnitude of the resultant.  Find the angle between the two vectors in this triangle.


Using the Cosine Law and the angles, calculate the magnitude of each of the 

resultants.___________________________________________________________

Determine the bearing of each of the resultants._____________________________  


Using the Cosine Law and the angles, calculate the magnitude of each of the 

resultants.___________________________________________________________

Determine the bearing of each of the resultants._____________________________  

4. 
A canoe with a forward velocity of 3 km/h is travelling directly across a river. At the same time, a current of 1.5 km/h carries the canoe down the river.  Determine the resultant velocity of the canoe.
5. 
A golfer hits a golf ball with an initial velocity of 25 m/s due south.  A crosswind blows at 6 m/s due west.  Find the resultant velocity of the golf ball immediately after it has been hit.

6. 
A ship starts its journey at point A and travels for 200 km on a bearing of [50°] to a point B.  The ship then changes direction and travels for 100 km on a bearing of [120°] to a point C.  Calculate the resultant displacement vector.

7. 
A plane is travelling at 600 km/h on a bearing of [55°].  It encounters a wind that blows from the west at 30 km/h.  Find the resultant velocity of the plane.

8. 
A plane is travelling at 550 km/h toward [230°].  A wind of 70 km/h blows toward [125°].  Find the resultant velocity of the plane.  

9. 
Annie and Emily are kayaking.  The kayak is paddled at 5 km/h toward [335°] while an ocean current carries the kayak at 1.5 km/h toward [215°].  What is the resultant velocity of the kayak?

10. 
Larissa and Kyra are pulling a sled across the snow.  Larissa pulls with a force of 75 N toward [5°] and Kyra pulls with a force of 50 N toward [18°].  Find the resultant force exerted on the sled.
Extra Vector Problems

Example 1:

A sailboat is attempting to cross straight east across a lake with a resultant velocity of 10 knots.  The wind is blowing from the south at 5 knots. What velocity should the sailboat take to counteract the wind?
Example 2:

An aircraft wishes to travel at 400 km/h on a heading of [095o].  However, the wind is blowing at 85 km/h from [165o].  What velocity should the aircraft fly at taking into account the wind?

Example 3:

An airplane flies from Winnipeg to Edmonton, a distance of 1300 km in a direction of W 25o N. 

Then, it flies from Edmonton to Vancouver, a distance of 1100 km in a direction of W 35o S.

a)
What is the shortest distance between Vancouver and Winnipeg?  Provide a labeled sketch of the situation.

b)
The flight is to return to Winnipeg from Vancouver with no stops.  In order to avoid a storm near Vancouver, the airplane must begin its flight in a direction of S 40o E.  Design and describe a flight plan completely including all distances and directions.

Example 4:

Carmello leaves home and walks north for 4.8 km, then west for 3.6 km and arrives at school.

a) Sketch a vector diagram of this situation.

b) What is the shortest distance between Camello’s school and his home?

c) What direction must he take to follow his path home?

d)
Design another route for Carmello to return home from school assuming he must begin walking in a direction S 20o W.  Sketch a route she could take and indicate all distances and directions.

Example 5:


Bob and Dianne are pulling a wagon. Dianne pulls in a direction of 

N 85° W and Bob pulls in a direction of W 40° S. The resultant force is 80 newtons due west.  

a) 
Sketch a vector diagram of the forces acting on the wagon. Include all of the angles.

b) 
Determine the magnitude of the force exerted by Danielle. Show your work.  (Hint:  Try TriSolve.)
Example 6:

Two children pull a toboggan: one with a force of 60 newtons and the other with a force of 75 newtons. The forces are at an angle of 50° to each other.  Find the magnitude of the resultant force. Show your work.

[image: image63.emf]
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Vector Review and Assignment

1.
Which of the following are vector quantities and which are scalar quantities?

a) _______________a wind blowing from the north at 30 kph

b) _______________a mark of 70% achieved on an Applied Math test

c) _______________a temperature of 23o
___

  5
d)
_______________a boat traveling northeast at a rate of 15 mph

e)
_______________The Pas is 140 km with a bearing of 173o from Flin Flon

2.
Draw the following vectors using a ruler and a protractor.  State the scale used.

a)
a boat travels at a rate of 40 mph downstream in a river running north to south

___

  2

b) an airplane flies at a rate of 450 kph in a direction 40o north of east

___

  2


c)
a woman walks 3 km at a bearing of 220o
___

  2


d)
a wind blows towards the direction N 20o W at a rate of 30 mph

___

  2


e)
a river current flows with a bearing of 130o at a rate of 10 kph

___

  2

d) a man jogs at a rate of 3 mph in a southwesterly direction

___

  2

e) a 40 kph north easterly wind

___

  2

3.
Give the magnitude and direction of the following vectors.











Scale:  1 cm = 100 N



Scale:  1 cm = 25 km/h


___

  4

Magnitude:___________



Magnitude:__________


Direction:____________



Direction:___________

4.
Find the resultant vectors for each of the following by finding the sum of the vectors using the triangle or parallelogram approach.  (Round forces to the nearest whole number with angles to the nearest degree.  Also state the scale.)

a)
Calculate the magnitude of the resultant force of the following pair of forces:   30 N and 40 N at an angle of 90o to each other.  

___

  3

b)
Two forces of 20 N and 30 N act on a body at an angle of 50o to each other.  Find the magnitude and direction of the resultant.

___

 3

c)
An aircraft is flying at 300 kph in the direction of N 80o E.  A wind is blowing at 50 kph in a direction of N 30o W.  Determine the actual ground speed and direction of the aircraft.

___

  3

d)
A ship is sailing on a compass bearing of 320o at a speed of 20 knots.  A current of 6 knots with a compass bearing of 50o acts on the ship.  Calculate the actual direction of travel and the actual speed of the ship.

___

  3

e)
Two equal forces acting at an angle of 90o to each other have a resultant force of 40 N.  Calculate the magnitude of the two forces.

___

  3

f)
Three forces of 30 N, 45 N, and 50 N act on a body.  The first is in the direction 50o west of north, the second in a direction of 30o north of east, and the third is straight southeast.  Find, to the nearest Newton, the magnitude and direction of the resultant.

___

  3

5.
A rocket is flying along the ground with a bearing of 295o.  Describe this direction using two other methods.

___

  2


a)
__________________________
b)
__________________________

6.
An airplane sets its course at 30o south of west and its speed is 150 kph.  If the wind is blowing at a heading of 25o north of west at a speed of 30 kph, what is the overall velocity?  What is the actual displacement after two hours?

___

  4

7.
Irvin flies his plane 150 km at a heading of 60o west of south.  He then heads due north for 300 km.  How far is he away from his starting point?  At what heading must he set the plane to return?  Sketch a diagram and use Trisolve2.

___

  4

8.
Tracey cycles for 60 km NE.  She then turns due north and cycles 20 km.  How far is she from her starting point?

___

  3

9.
A swimmer is trying to swim across a river due north at 6 m/s.  The current is moving east at 3 m/s.  Find the resultant velocity relative to the land that the swimmer must follow in order to counteract the current.

___

  3

10.
A boat leaves the dock and travels a distance of 3 km in a direction of W 20°S.  It then changes direction and travels an additional 4.5 km in the direction E 65° S.

a) How far is the boat from its starting point?  Provide a labelled vector  diagram of

 the situation.

___

  3

b) 
A second boat leaves the dock and travels 2 km  N 50° W.  Design and draw a route for the boat to return to the dock from this point so that the total return trip is between 2.4 km and 2.8 km.  Indicate all distances and directions.
Applied40S







Name:____________________

Review Quiz – Vectors

1.
Which of the following is a vector quantity?

/1
a)
your I. Q. (intelligence quotient)

b)
an address


c)
a shoe size




d)
a curling shot

2.
A group of snowmobilers leaves a lodge and travels across a lake at a speed of 40 km/hr for two hours in a direction of N 50o E.  The snowmobilers then change direction and travel at 50 km/hr for ½ hour, due south.

a)
Calculate the direct distance of the group of snowmobilers from the lodge.  Indicate your strategy.

[image: image64.wmf]
/2

b)
A second group of snowmobilers from the same lodge plans to travel to a landmark located 75 km W 25o S.  Because of unsafe ice conditions on that part of the lake, the snowmobilers must take an indirect route.  Design a route that is 125 km or more that will get them to the landmark.  Describe all directions and distances.

/3

3. Stewart and Martha are arguing about who should have control of the TV remote.  Stewart tugs with a force of 21 Newtons while Martha tugs with a force of 14 Newtons.  Stewart and Martha are at an angle of 115o to each other.  What is the magnitude and direction of the TV remote?  Indicate your strategy.

/3

 Name   ___________________________

1.
Draw the following vectors using a ruler and a protractor.  State the scale used.

a)
an airplane traveling at 250 km/h [110°].  Indicate your scale.

___

  3

b)
a man walks 4.5 km at a bearing of 225°.  Indicate your scale.

___

  3

3.
Give the magnitude and direction of the following vectors.










Scale:  1 cm = 200 N



Scale:  1 cm = 25 km/h




___

  4

Magnitude:___________



Magnitude:__________


Direction:____________



Direction:___________

Applied Math 40S  Work Sheet 
Name  ____________________________

Use Trisolve 2 to solve the following triangle problems.  (These problems are usually worth 3 marks each)
1.



Angle C = 130°






AB =  _________












 
AC = 236 m







Angle A = ________


CB = 154 m







Angle B =  ________

2.  Find the resultant force and the angle the force makes with the larger force.


3.  Add the following to find the magnitude and direction of the resultant.

     300 m  N 30° W   and  500 m  S 15° W
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