Chapter 3
Vectors- Basics Idea
Vector Quantities:
How to solve:
· Sketch the situation and use trigonometry to determine the final location relative to the initial position
· Make an accurate scale drawing to determine the final location relative to the initial position 
e.g. 
[image: ]

Vectors:
Are quantities that have magnitude and direction 
e.g. Displacement, velocity, force, acceleration
Scalar:
Quantities that only have magnitude
e.g. distance, speed, magnitude of a force, magnitude of acceleration, energy

Adding Vectors:
We need to draw the lines/ vectors with nose to tail
And then using trigonometry we are able to find the resultant and the direction 
e.g.
[image: ]
**Things I Stuggled with , go over again**(3C)
[image: ]
[image: ]
Representing Vectors:
-If we are talking a line from one point (A) to another (B), we represent it by placing a=n arrow on top of both letters.
- If the sides are already lettered, we bold them by underlining them, e.g. vectors a = a
- and for magnitude we write it with | |, e.g. |a|

Equal Vectors:
Two vectors that have the same magnitude and the same direction
[image: ]
The negative of a vector:
Same magnitude but opposite direction
· If a = ->AB, then -a = - ->AB = ->BA

[image: ]Multiplication of a vector by a scalar:
If b=2a then b is the same direction as a but twice the magnitude 

Parallel Vectors:
Two vectors that are parallel if one scalar multiple of the other 
· If the scalar multiple is positive, the vectors are said to be like parallel vectors
· If the scalar multiple is negative, the vectors are said to be unlike parallel vectors

Addition of vectors:
· Is to add two vectors
· And also find the single/ resultant vectors (that replaces the two)
We do this by using a vector triangle
· Which the vectors are added from “nose to tail”, which forms two sides of the triangle.
e.g.
[image: ]
Subtraction of one Vector  from Another:
Instead of a – b, instead be a + (-b)

With the parallelogram approach one diagonal is a+b and the other is a-b
[image: ]
Also, the triangle inequality is…
[image: ]

The zero Vector:
When we add a vector to the negative of its self we obtain the zero vector:
P+(-P) = 0
-The zero vector has zero magnitude and an undefined direction, we can write the zero vector as 0

ha=kb
1. a and b are parallel – because one is a scalar multiple of the other)
2. or h=k=0
[image: ]

[image: ]
e.g. of using sides to describe other sides
[image: ]
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(to the nearest Newton) and direction (to the nearest degree) of the
, 10 and 11 giving the direction as the acute angle the total reaction
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8 N and 12 N and the angle between them is 130°. Find the
the angle it makes with the larger of the two forces.

10 N and 15 N and the angle between them is 45°. Find the
the angle it makes with the smaller of the two forces.

IEI I” approach for adding two displacement vectors and for adding
and Exercise 3C that follows it, involve this same process used
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Solution

It she wishes to journey across the river as quickly as
possible, she must put all her efforts into getting across
and let the current take her down river.

She travels at 5 kim/h across the river and the current

takes her down river at 3 kin/h. Her resultant velocity
is as shown on the right.

Now speed = d]stanoe.

tme

Thus to travel the 50 m across the river when her speed across is 5 km/h will take #, seconds

where 5x1000 _ 50

60x60 1,
The distance travelled downstream will be given by BC, see diagram.
By similar triangles % = BSE:
It she wishes to journey across the river as quickly as possible it will take her 36 seconds and
she will travel 30 metres down river.

. 1, =36.

- BC=30.

To reach point B on the far bank she needs to set a course
such that the combined effect of her paddling and the '
flow of the river takes her directly across the river i
(see diagram).

By trigonometry: 6=37°
By Pythagoras: Resultant speed = 4 km/h.
To travel 50 metres at 4 kin/h will take 45 seconds.

To reach point B on the opposite bank, directly opposite A, she should paddle upstream at 53°
to the bank. The combined effect of this paddling and the current will cause her to travel to B
in 45 seconds.

Exercise 3C
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The negative of a vector .
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"The vectors, a and —a, will have the same magnitudes but will be in opposite directions.
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For the magnitude of vector a we write |a| or |a|.

Two vectors are equal if they have the same magnitude #zd the same direction.
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Multiplication of a vector by a scalar

If b = 2a then b is in the same direction

a but twice the magnitude.

If ¢ = 3a then cis in the same direction as a but three times the magnitude.

If k is negative, then b will be in the opposite direction to a and & times the magnitude.

Parallel vectors
“Two vectors are parallel if one is a scalar multiple of the other.

If the scalar multiple is positive, the vectors are said to be /ike parallel vectors, /
i.e. in the sume direction. 2

e.g.a and 2a are like parallel vectors.

If for some positive scalar &, b = ka, then b is in the same direction as a and k times the magnitude.
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X To add two vectors means to find the single, or resultant, vector that could replace the two. We add the

vectors using a vector triangle in which the two vectors to be added follow ‘nose to tail’ and form two

B of the sides of the triangle. The resultant is then the third side of the triangle with its direction ‘around
K the triangle’ being in the opposite sense to the other two.
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1o give meaning to vector subtraction we consider a — b as a + (—b) and then use our technique for
adding vectors.

=+

The zero vector

If we add a vector to the negative of itself we obtain the zero vector: p + (—p) = 0.

The zero vector has zero magnitude and an undefined direction. We can write the zero vector as 0 or 0
or simply as 0 because it is usually clear from the context whether 0 is a number or a vector.
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This vector addition is sometimes referred to as the parallelogram law:

If the two vectors to be added are represented in magnitude and B y C
direction by AB and AD in the parallelogram ABCD then the ?& j@ poralelogr
resultant of the two vectors will be represented in magnitude and e
direction by the diagonal AC. A D
Considering the triangle ADC and remembering that AB and DC are opposite sides of a parallelogram,
ie. AB = D_C), it can be seen that the parallelogram method of vector addition and the triangle method
are equivalent.
With |a| as the magnitude of a it also follows that b
; bl < a] + o ya—
Q the triangle inequality. axb
[H
M Subtraction of one vector from another
To give meaning to vector subtraction we consider a — b as a + (-b) and then use our technique for

Last read page < 62-63 300 >

- ENG 343 PM
) >
E O Type here to search = INTL  29/04/2018 E )





image10.png
m NelsonNetBook

‘nelsonnethook ai

oo e

®

eBooks Groups Contents Hotspots

ha = kb

The vector statement ha = kb means that some scalar multiple of a has the same magnitude and
direction as some scalar multiple of b.

If this is the case then either

* aand b are parallel vectors (because one is a scalar multiple of the other),
or * h=k=0.
Thus if a and b are not parallel and we have a vector expression of the form

pa+gb = ra+sb [1]

ie. (p-ra = (s—¢hb,
it follows that p—#=0 and s—¢=0.
ie. p=r and s=q.
Thus in equation [1], with a and b not parallel, we can equate the coefficients of a to give p=r,
and we can equate the coefficients of b to give g =>+.

Now that we are able to represent a vector mathematically using line segments and letters, we are
able to consider abstract vector questions in which the context e.g. velocity, force etc. is not known.
Examples 5 and 6 demonstrate this manipulation of abstract vectors.

If a is a vector of magnitude 5 units in direction 040° and b is a vector of magnitude 3 units in
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Alternatively scale versions of the friangles used to deter,
using the ability of some calculators to draw geometrica
capability of your calculator in this regard.
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C
E
B
A

— —
In parallelogram ABCD, AB =a and AD =b.
E is a point on DC such that DE:EC =1:2.

Express each of the following vectors in terms of a {

direction 100°, find the magnitude and direction of: a ]i)j b (Hg) c ]ij) d ]ﬁ)
a a+b b a-b.
? : Solution

Solution = |

First sketch a and b N ); a DC is the same magnitude and direction as A}
' a —
: E b CB is the same magnitude but opposite directi
400/ & 1100° O v
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Examples 5 and 6 demonstrate this manipulation of abstract vectors. R .
In parallelogram ABCD, AB =a and AD =b.
| EXAMPLE 5 | E is a point on DC such that DE:EC = 1:2.
E ss each of the followi 5 i :
If a is a vector of magnitude 5 units in direction 040° and b is a vector of magnitude 3 units in xpress each of the following vectors i terms o
direction 100°, find the magnitude and direction of: a ]i)j b (ﬁg) c ]ij) d ]ﬁ
a a+b b a-b.
Solution
Solution .,
First sketch a and b ); a DC is the same magnitude and direction ag
E b (33) is the same magnitude but opposite dir
1 100° — 1 — .
T ¢ DE:EC=1:2. Thus DE =-DC
Unitg 3
a By the cosine rule |a+b|2=32+52—2x3xcholeO” ]ﬁi}:la.
Thus |a + b| = 3
la+bl _ 3 d BE=BC+CE Bl
By the sine rule - =— =L &r
sinl20° sin® 2
Thus 0=21.8° =b+ ——3J
a + b has a magnitude of 7 units and direction 062° (to the nearest degree).
=b-=a
o b 5‘1 By the cosine rule |a—b|2=32+52—2x3xchoséU" 3
3 80"5 100° Thus |]a—b| =436
i la—bl 3
! By the sine rul =—
i 404 Y the sine e Sin60° _ sin®
o
Thus 0 =36.6°

a — b has magnitude 4.4 units (correct to 1 decimal place) and direction 003° (to nearest degree).
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in equate the coefficients of a to give p =7, a

tically using line segments and letters, we are
he context e.g. velocity, force etc. is not known.

hbstract vectors.

— —
In parallelogram ABCD, AB =a and AD =b.
E is a point on DC such that DE:EC =1:2.

N . L. Express each of the following vectors in terms of a and/or b.
0° and b is a vector of magnitude 3 units in P g

f: dﬁ): b(ﬁ; CD_E) d]ﬁ)
b a-b.

Solution

— — —
a DC is the same magnitude and direction as AB. Thus DC = a.

b (33) is the same magnitude but opposite direction to AT) Thus (33) =-b.

0° — 1 —
- ¢ DE:EC=1:2. ThusDE:EDC
ts
& +b|?=32+5"-2x3 x5 xcos120° . DR=1,
a+b|=7 3
— — =
a+bl 3 d BE=BC+CE or BE = BA + AD + DE
120° sin@
2 1
6=~218° =b+ ——a) =-a+b+-a
3 3
062° (to the nearest degree). 2
2 2 2 =b-=a =——a+b
—b|*=3"+5"-2x3 x5 xcos60° 3 3
FHN-b| =~ 436
a-bl 3
60° ~ sin®
8=36.6° I
1 decimal place) and direction 003° (to nearest degree). 3
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position,
or * make an accurate scale drawing to determine the final location relative to the initial position.
As we have seen above, adding quantities
m quantities are called vector quantities. S
A boat sails 15 km on a bearing 170° followed by 9 km due East. Find the distance and bearing of Dlsplz;(;
the boat’s final position from its initial position.
Solution Accels
Method One: By calculaton (i.e. sketch and use trigonometry) Quantities which have magnitude only ay
Some common examples of scalar quanti
If A is the initial position and C is the final position, then the Di
distance from A to C is given by AC.
Now AC’=15+9"-2x15x9xcos100° (cosine rule) "The magnitude of
AC =18.79 The magnitude of the accelg
- n 1
The bearing of C from A is (170° — ZBAC) .
¢ B 9km € Exercise 3A
By the sine rule : 9 = — AC Questions 1, 2 and 3 each show a sketch
sin ZBAC  sin100° Use trigonometry to calculate  a  thy
Q giving Z/BAC = 28.2° Obtuse solution to equation not applicable b th
@ as triangle already has an obtuse angle. 2
1 N
Q The final position of the boat is approximately 19 km from the initial position and on a bearing 142°.
3] Important note: Had there not already been an obtuse angle in ABAC, finding #/BAC, rather
than ZACB, is a wise strategy because ZBAC is not opposite the longer side
< and so cannot be obtuse.
L
v
- »
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o -
determine the resultant of vector quantities other than displacement. due East

Note also in the above diagram that the resultant vector is given by the magnitude and direction of the

line AC, the side that completes the triangle from the tail of the first vector to the tip of the second vector.

| EXAMPLE 2_ oo

89N

Forces of 6.2 Newtons vertically upwards and 8.9 Newtons acting at 30° to the

vertical act on a body, see diagram. Determine the magnitude and direction of 309
the single force that could replace these two forces (i.e. determine the resultant

of the two forces).

Solution

First sketch the vector triangle remembering the ‘nose to tail’ idea for vector

addition. By the cosine rule:
(Magnitude of resultant)2 =6.2>+8.9" - 2(6.2)(8.9) cos 150°
Magnitude of resultant = 14.602 Newtons
Magnitude of resultant _ 8.9
sin150° sin®
0=17.7°

By the sine rule:

(Obtuse solution not applicable, 6 not opposite longest side, and triangle already
has obtuse angle.)

The resultant of the two forces is a force of magnitude 14.6 Newtons (correct to one decimal place)
acting at 18° to the vertical (to the nearest degree).
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. A canoeist wishes to paddle her canoe across a river from STl B el

point A on one bank to the opposite bank. The canoeist can
' maintain a constant 5 km/h in still water. However the river

/ is flowing at 3 km/h (see diagram). 50 m
: a If the canoeist wishes to journey across the river as quickly ‘
. as possible, how long will the journey take and how far ——
. down river will the canoeist travel? D A L s
b Ifinstead she wishes to reach point B on the opposite bank, directly opposite A,
Q in which direction should she paddle and how long will the journey take?
Q
[H
(O
,
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