Lesson 5: Vectors
·  Lecture Objectives
5.1 distinguish between scalars and vectors and give examples of each;

5.2 use scale diagrams to combine two vectors so as to find their resultant;

5.3 calculate the resultant of vectors which are parallel anti-parallel and perpendicular:

5.4 Explain common situations using the fact that a single vector may be regarded as equivalent to two other vectors at right angles.

6.1 discuss how the methodology employed by Galileo contributed to the development of Physics;

6.2 define the terms: distance, displacement, speed, velocity, acceleration;

6.3 draw, interpret and use displacement-time and velocity-time graphs to solve problems;

6.4     determine the acceleration due to gravity using a free fall method.

7.1 recall Aristotle’s arguments in support of his “law of motion, that is, v ∞ F”;

7.2 state Newton’s three laws of motion;

7.3 use Newton’s laws to explain dynamical systems;

______________________________________________________________________________________
Scalars and Vectors
Distinguish between scalars and vectors and give examples of each

A study of motion will involve the introduction of a variety of quantities which are used to describe the physical world. Examples of such quantities include distance, displacement, speed, velocity, acceleration, force, mass, momentum, energy, work, power, etc. All these quantities can by divided into two categories - vectors and scalars. 
A vector quantity is a quantity which is fully described by both magnitude and direction. 
On the other hand,
A scalar quantity is a quantity which is fully described by its magnitude.
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[image: image2.png]Fig. 20.26 (b) Resultant vector

Given vectors AB and BC, we complete the triangle

ABC.
Thus  AC = 4B + BC,

where AC is the resultant vector of AB and BC.
Now AB + BC = BC + AB,

that is, the addition of vectors is commutative.

Example /5 o

Determine the resultant of the vectors AB and BC
shown in Fig. 2027
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Fig. 2027 Clockwise vectors

Solution

Fie. 20.28 Resultant vectors
From the drawing:
—_— e 5
W=AF+AC=)).

By calcutation:
AC = AB + BC
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(-()
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s
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Hence the resultant of the vectors AB and BC

wic=(3)

“The resultant vector consists of a magnitude and a
direction.

The magnirude (or size) of AB is represented by the
length of the line segment AB. This is written as the
modulus of AB, that is [AB|. The modulus of a vector
is always positive.

The direction of AB is stated as a bearing or with
reference to an adjacent side.

Example l6

Determine the resultant in magnitude and direc-
tion of the pair of vectors shown in Fig. 20.29.
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Fig. 20.29 Clockwise vectors
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Solution

Using a scale of 1 cm (0 represent 2 N(newons),
the triangle of vectors was drawn.

Since 1 om represents 2 N(newtons),
Then 2 om represent 4 N(newtons).
And 4.5 cm represent 9 N(newtons).

“The newton(N) is the unit of force.
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[image: image4.png]1. Determine the resultant of the vectors AB and BC
shownin Fig, 2032,
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ig. 20.32 Clockwise vectors

2. Determine the resultantof the vectors PO:and OR
shown in Fig. 20.33.

Fig. 20.33 Clockwise veciors

3. Determine the resultantof the vectors WX and XY
shown in Fig. 20.34.
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Fig. 20.34 Clockwise vectors

4. Determine the resultant of the vectors AB and BC
shown in Fig. 20.35.
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Fig. 20.35 Counterclockwise vectors

5. Determine the resultant of the vectors AT and I
shown in Fig. 20.36.
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Fig. 20.36 Counterclockwise veciors

6. Determine the resultant of the vectors PO and OK
shown in Fig. 20.37.
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Fig. 20.37 Counterclockwise vectors

7. Give that A5 = (i) and BC

Tllustrate on a diagram.

5 [
2), calculate AC.

= (2 - —
8. IfPQ = (6) and OR = (g). determine PR.
Tllustrate on 4 diagram.

9. Given that KL = ('Z) and LI = (:;)
evaluate KM.
Tlustrate on a diagram.

10. 1FXY = (’3) ad 77 = (:2). determine XZ.
Illustrate on a diagram.

11. Determine the resultant in magnitude and direc-
tion of the pair of vectors shown in Fig. 20.38.
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Fig. 20.38 Clockwise vectors




Discuss how the methodology employed by Galileo contributed to the development of Physics
Galileo advanced the ideas that:

· Theories about natural phenomena should be subjected to carefully controlled experiments in which measurement plays a vital role. 
· All real scientific knowledge should be expressed in mathematical terms
What is the difference or is there a difference between distance and displacement?
Distance is a scalar quantity which refers to how much ground an object has covered during its motion. (m)
Displacement is a vector quantity which refers to how far out of place an object is, it is the object’s change in position. Displacement is then defined as the distance moved in a specific direction. (m)

Speed and Velocity 
Speed is a scalar quantity which refers to how fast an object is moving.

Velocity is a vector quantity which refers to the rate at which an object changes its position.

Recall Aristotle’s arguments in support of his “law of motion, that is, v ∞ F”;

The Greek philosopher Aristotle (384-322 BC) believed that inanimate objects did not move by themselves but were always set in motion by something else from outside what we now call a force. If you push a book sideways on a table it moves. If you stop pushing, it stops. The harder you push the faster it moves. Observations like these led Aristotle to conclude that the velocity of an object is proportional to the force that makes it move. Aristotle thought that v ( F. But this does not explain why, for example, when you throw or roll a ball it goes on moving after you stop pushing it.
Displacement-time graphs

A graph of displacement (x) versus time (t) is shown in Figure 5.9. 

· starts from rest; 
· is not accelerating: there are equal changes of position in equal intervals of time - the object has constant velocity
[image: image1]
Figure 5.1: Displacement versus time
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[image: image17.png]If two vectors are both going in a clockwise direc-
tion or both going in a counterclockwise direction.
then we can determine the sum of the two vectors by
completing a triangle. The sum of the two vectors is
called the resultant vector.

Fig. 20.26 (a) Clockwise vectors



[image: image18.png]The resultant is vector AC.
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Fig. 20.30 Resultant vector

From the drawing:
The length of AC = 4.425 cm. (by measurement)
Therefore the magniiude of AC,

JAC| = 4425 X 2N = 885 N.

Now BAC =259°  (by measurement)
S0.AC makes an angle of 25.9° with AB.
Now NAC = 34.1° (by measurement)

S0 NAC reflex = 360° = 34.1° = 325.9°
“That is, the bearing of AC is 325.9°.
Hence the magnitude of AC is .55 N and it makes

an angle of 25,9 with AB (or the bearing of AC
8 325.99).

Alternative Method

The sine and cosine rules can also be used to
calculate the magnitude and direction of the resul-
tant vector.

Fig. 20.31 Resultant vector

Complete the triangle ABC.

Now ABC = 180° = (45° + 60°) (sum of the Zs

onast. line)
= 180° — 105°

=175
Using the cosine rule:
|AClr = BP + [BET — 2WAB] - [BC] cosABC
= (ON)? + (4N — 209 N)4 N) cos 75°
= 81 N2 + 16 N = 72 N2 X 0.259

= 97N - 186N
=T84N?
So the magnitude of AC,
|AC| = \/78:4 N2 = 8.85 N (correct to
38f)
Using the sine rule:
lac|_ _ |BC|
SinABC ~ sin BAC
885N
So 7S
ie. sinBAC = %—4 X sin75"
885
_ 4X0966°
=0437
BAC = sin~10.437 = 25.9° (correct 10
1dp)
So AC makes an angle of 25.9° with AB.
Now  NAB =60°  (ali. /5)
So NAC = NAB — BAC
= 60° - 259"

=341°
= NAC reflex = 360° — 34.
That is, the bearing of AC is 325.9°.

10 = 325.9°

Hence the magnitude of AC is # #5 N and it makes

an angle of 250 with AB (or the bearing of ac
is 325.9%),
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Velocity-time graphs
· The slope of the velocity-time graph for an object indicates its acceleration (a = [change in vJlt). 

· The area under a velocity-time graph for an object gives the total distance travelled by the object (s = v x t). 
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In-class Example:
State Newton’s three laws of motion
A force is any kind of push or pull on an object.

Newton’s first Law of Motion

Every object continues in its natural state of rest, or of uniform velocity in a straight line, as long as no net force acts on it.

Mass

Mass is a measure of inertia of an object.

Note:

The more mass an object has the greater the force needed to give a particular acceleration.

The unit of mass is the kilogram (kg).The standard mass is a particular platinum-iridium prototype kept at Sevres, France. 
Newton’s second Law of Motion

The acceleration of an object is directly proportional to the net force acting on it, and is inversely proportional to its mass. The direction of the acceleration is in the direction of the net force acting on the object.
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[image: image15.wmf]Newton’s Third Law of Motion
Whenever one object exerts a force on a second object, the second exerts an equal force in the opposite direction on the first.

Or

To every action there is an equal and opposite reaction.
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Figure 5.10: This object is accelerating. The slope is positive. 








Figure 5.9: This object is decelerating. The slope is negative. 








Figure 5.8: This object is moving with zero acceleration constant velocity). The slope of _ is graph is zero





Figure 5.5: Here the, displacement remains constant over time. This object is stationary. Velocity equals zero since slope is zero.





Figure 5.7 This graph is a curve. Velocity is decreasing with time. This object is decelerating. 








Figure 5.6:  This graph is a curve. The slope is increasing. Therefore, velocity is increasing with time. This object is accelerating. 








Figure 5.4: This object is moving back towards its start point, slowly, with constant velocity. 








Figure 5.3: This object is moving quickly, with constant velocity. 








Figure 5.2: This object is moving slowly, with constant velocity.
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