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Vectors

Back to Farth

The following is an example of an approach that the students can use to answer the question.

Configuration (D 3
* Caiculate speed V of the shuttle. b
STATEMENT JUSTIFICATION
m £ ACD = 122° The measure of this angle] !
corresponds to the sum | 7 4500 my/s
of 32° and the measure ' .
of the right angle, L
m £ ACB = 360° — 98° — 122° = 148° Angles ACB, ACD
and BCD form a
straight angle,

5000 mis %

7t = V5067 50007 — 2(4500%(5000) cos 148° | Based on the cosine law.

== 9133.03 mfs
— arecinf 5000 sin148°Y o .
m £ CAB = a{csm( ETEERE ) 16.86 Based on the sine law. :
@ Calculate the force of friction ;F . A
The coefficient & is equal to 25 X sin32° = 13.25. K\
- ~
. \

Since £, = -kV, you can state the following;

— 1 is collinear, and ¥ {two vactors, in which one corresponds
to the product of the other by a scalar, are collinear). ~1686°~_ . % 320

—fis orlented in the opposite direction of ¥,
Moreover, |I£]] = K[v]| = 13.25 % 9133.03 = 20 944.16 GN.

s~ 120 944.16 GN

- on the line that is perpendicular to the axis of the shuttle;
the norm of the projection = H?h X cos 16.86°
== 115 793.38 GN
— on the axis of the shuttle; ~ 16.86° S
the norm of the projection == ||£]| x sin 19.44°
=5 35 101.8 GN

= 12094416 GN

%
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Configuration 2) )
e Calculate speed v of the shuttle, P

Since k = 25 X sin® = 16.07, it is determined that the angle

of entry of the shuttle is equal to arcsén(%), which is approximately 40°,

STATEMENT JUSTIFICATION

m £ ACD = 130° ' The measure of this
angle is the sum of 40
and the right angle.

m £ ACB = 360° — 90° — 130° = 140° Angles ACB, ACD 130°

6000 m/s

e}

and BCD form a -0
straight angle.
7 = V35007 + 60007 — 2(3500)(6000) cos 140° | Based on the cosine law, 3500 m/s
= §967.94 m/s
— arecind 3500 sin 140°Y 0 -
m £ BAD = arcsm( 8507 54 ) 14.53 Based on the sine law. :
s Calculate the force of friction £. ' N
The coefficient k equal to 16.07. ) \ \\
Since £ = ~kV, the foliowing is determined: : Y
~ f is collinear to v (two vectors, in which one corresponds \\\% 14411472 GN
to the product of the other by a scalar are collinear). = 14530 s\ ~Ao°
— £ is oriented in the opposite direction of v, \a P

Moreover, | £]] = KV]| = 16.07 x 8967.94 mis ~ 144 114.72 GN,

e Calculate the orthogona! projection of E: S TR
— on the line perpendicular to the axis of the shuttle; g
the norm of the projection = ”EH X cos 14.53°
= 139 506.17 GN'

S~ 13411472 GN
A N

~ 1453° \ e

— on the axis of the shuttle;
the norm of the projection = HfF” X s5in 14.53°

= 36 153.59 GN
Conclusion
Configuration (1) | Configuration @) -
The angle of entry in the atmosphere is at least 30° and &t most 43°. Yes Yes
The speed is less than 10 km/s, : Yes Yas

The orthogonal projection of the force of friction on the axis

of the shuttle is less than 40 000 GN.

The orthoganal projection of the force of friction on the line perpendicular
to the axis of the shuttle is less than 120 000 GN.

Yes Yes

Yos Na

The crew of the shuttle should choose Configuration (1), because it respects all the restrictions that were stated.
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Space vya/k

The following is an example of an approach that the students can use to complete the task.
The following are the vectors that come into play in this situation.

Direction
of the 135°
movement R

Vector associated
with this movement

<l
-
=
~
tn
—

¢ From the exit airlock to the solar panel.
During this step, the movement of the astronaut corresponds to vector SP.
Moreover, the series of manipulations associated with this step correspond to the linear combination
3V + 25 where v = (a, 0} and 5 = {0, b). Therefore:
3+ 25 = P
3(a )+ 20, b = (92 ~ 50,68 ~ 32)
3(a 0) + 2(0, b) = {42, 36)
3a=42and 2b = 36. B
a=14,b=18,v = (14, 0)and 5 = (0, 18).
It is deduced that each movement is as follows:

~ Movement to the right must have a length of 14 m.
— Movement to the front must have a length of 18 m.

From the soiar panel to the Zvezda module.

During this step, the movement of the astronaut corresponds to vector PZ,

Moreover, the series of manipulations associated with this step correspond to the linear combination
S+ 30+ twhere§ = (0, 18), 7 = (¢ 0) and 1 = (0, d). Therefore:

W A5 +1=P7 |

Ho Oy +(0,18) + {0, d) = (55 — 92, 74 — &8)

3¢ 0} +(0,18) + {0, &) = (-37, 6)

3 0) + {0, o) = (-37,6) — (0, 18) = (-37,-12)

3c=-37and d=-12,

=E =120 = (-5 0)and ¢ = 0,12)
It is deduced that each movement is as follows:
— Movement to the left must have a length of 12.33 m.
— Movement to the back must have a length of 12 m.
e From the Zvezda module to the airlock exit.
During this step, the movement of the astronaut corresponds to vector Z5.
Mareover, the series of manipulations associated with this step correspond to the finear combination
H+V+w+1t+ 2 where i = (—%Z O), V= (14, 0) and ¢ = {0, -12). Therefore:
UHv+wtt+2r =78
(% O} + (14,0) + (0, 12) + W + 27 = (50 — 55,32 ~ 74)
@,—32 + W+ 27 = (5, -42)
W + 27 = (5. 30)

e e
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4

The following is a graphical representation of the vector associated with w + 27
You can 4:£ec:*ucef3 that; 7
— x = arctan| 5| = 77.5° N

3

30

~w + 7] = NEGEE (2 =307m |
You can then do the following: E

- Draw a line paralle! to W passing through the tail of w + 27
— Draw & line parallel to 1 passing through the head of w + 2r.

Vectors w and 27 are obtained.
These constructions determine that:

X

W+ 2r

Wl 307
sin39.5°  sin18°
it 30.7sin39.5°
Therefore, HWH e = 623m
27l 30

sin122.5°  sin1g°

Therefore, | 27] ~ éﬁ%ﬁjﬁi ~ 83.8'mand 7] = 41.9,

Since the direction and the norm of vectors wand rare known, it s possible to determine :
their components. w = (= -44.7, = 44.7) and 7 = (= 19, = -37.3) are obtained.

Summary of the movement generated by each manipulation of the joy sticks.

, ,
, ,
N
N #

Manipulation of
- the joy sticks

'

Direction of the
movement 135°
gensrated et

Langth of the
movement = 12.3m 14m = 623 m =419m 18m 12m
generated

Validation.
By algebraically adding all the vectors associated Wltf”l the set of mampuiattons the following result is obtained:

Resultant movements =3V + 25 + 5 + 34 + (+T+V+ W+ 1+

=47 435 F AT+ 2+ W+ 2

=~ 4(14,0) + 3(0, 18) + 4(-12.3,0) + 2(0,-12) + (-44.7, 44.7) + 2(19,-37.3)

= (4(14) + 4(-123) — 44.7 + 2(19), 318} + 2(-12) + 44.7 + 2(-37.3))

= (0.1,0.1) ’
The norm of this vector is approximately 14 cm, which indicates that the astronaut "4
would arrive approximately 14 cm from the exact position of the airlock. (14,00 (447,-447)

The following is the graphical representation of this situation: 1 R30.-12 1230

) : 12.3,
The resultant vector is a vector that is close to the zero vector. 100 ¢ ( y; &b\'\i
The discrepancy of 14 cm in relation to the perfect position of the airlock (19.+ RS2

©12) {4

is acceptable since the maximum allowed is 25 cm. 2(55.74) | boa g,

N - 0,18

L {19, -37.3) (-12.3,0 {0, 18)
“1 550,32 | 0,18)
o N

(14,0

20- 40 60 80 100
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Prior tearning 1

a. 1) The sine of this acute angle.
3) The tangent of this acute angle:

b. 1) The distance is approximately 4.76 cm.

2} The cosine of this acute angle,

2) The distance is approximately 3.1 cm.

€. 1) The limit of visual perception is approximately 7.09 cm.  2) Fhe fimit of visual perception is approximately 8.89 cm.

d. 1) The measure of the angle of its blind spot is
approximately 75.96°,

2) the measure of the angle of its blind spot is
approximately 79.11°.

Prior learning 2

a. A scalene triangle with an obtuse angle.

b, (M NDY = (m PN} + (m BO)2 — 2(m PN){m PDJcos P

¢. Itis found approximately 124.5 km from its destination.

mND _ mPN _ mPD

" sinP sinD  sinN
e, = §45°

f. The angle of correction would measure approximately 24.6°,

Knowledge in action

1.a)m 2 A== 4496°
¢ m s A= 3058

2.a) / C=34°mAB = 2.29cm: m BC = 3.40 cm
QLA H=30°mG =25, mIH =433 cm

b)m 2 A= 60.68°
d)m 2 A= 5692°

b) 2 D=57°,mbE = 537 cm;m DF =~ 2.92 cm
d) 2 J=20°mll =~ 440 cm;m JK =~ 4.68 cm

e) £ N=65mMN ~=568cm;mMD =~ 535cm f) ~/ P=45;mPR =~ 3.3 m mPQ ~ 467 cm

3. a) 30° k) = 78.5° ¢) =~ 63.4°
d} = 162.5° e) =~ 115.8° §) =~ 130.5°
Knowledge in action (cont’d)
4. a) = 11.9am by = 12.4 cm c) =88 m
d) = 36.7° @) =~ 54.6° f) = 131.4°
5.a) =45 b) = 75cm €) = 6.9 m
d) = 60° e} = 117.3° f) =~ 40.9°
6. a) c)
2.8 cm

B 3em C
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dcm

Knowledge in action {(cont'd)

7. Slope (%) Inclination (°)
a} 2 = 1.1
B) = 5.2 3
) 6 = 3.4
d) = 8.7 5
e} 10 = 5,7
f) ~ 17.6 0
8. a) 1) cosB orsinA. 2) sinB or cosA, 3) tanA 4) tanB
b) 1) True. 2y True, 3) False, 4} False,

9. The length of the cable is approximately 11.76 m.

Krnowledge in action (cont'd)

10. a) While compteting the calculations, the student forgot to take into consideration the fact that angle'B is obtuse.

bymZ B = 120.94°
m £ C = 20.06°
mAB = 2,06 tm

11. a) =~ 1497 km ¢) = 130097 m

b) Airplane A; = 18.88° Airplane B: 3C°,

Knowledge in action (cont'd)

12. a) 1) Approximately 4 km separate

2) Approximately 5.4 km separate
Moira and Jack. :

Moira and Jack.

€
¢
e
e
f
r
|
|
1

b) The angle measure that Jack’s trajectory would have is approximately 11.4°,

13. ltinerary B is less expensive. {It costs approximately $180.30 for itinerary B and approximately $221.05 for Itinerary A)

" 14, a) = 289 cm b} = 354 tm €) 5cm d} = 6.5un
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15. a) The total length of the metal rods is approximately 10.89 m.
b} Angle ACB measures approximately 59.48°. ¢} == 50.92°

Knowledge in action (cont’d)
16. a} ~ 159.66 m ‘ b) == 19 225.22 m?

17. a) 1) The size of the smallest discerable detail is approximately 0.15 cm.
2) The size of the smallest discernable detail is epproximately 1.5 cm.
3} The size of the smallest discerable detail is approximately 15 cm.

b) 1) The maximum distance is approximately 3.44 m.
2) The maximum distance is approximately 34.4 m.
3) The maximum distance is approximately 6875 m.

¢} The pixels are discernable for all the distances that are less than or equal o approximately 24.1 m.
d) The size of the smallest discernable detail is approximately 111.7 km.

The characteristics of a vector

Problem

e Since the floatplane was travelling for 20 min, it covered a distance of 5% km,
which is 50 km heading NNE. {67.5° counter-clockwise in relation
to the east-west axis.)

e This movement is equivalent to a succession of two movements:

~ a movement 1o the right of 50 cos 67.5°, which is equivalent to 19.13 km
- an upward movement of 50 sin 67.5°, which is approximately 46.19 km

In the Cartesian plane, that corresponds to:

~ a movement of 1% km, which is approximately 3.83 units to the right
— & movement of%19 km, which is approximately 9.24 units upwards
The information is deduced from the adjacent diagram.

Therefore, note the following:

» The movement of the helicopter is \/10.837 + 5.242, TR =
which is approximately 12.03 units in the Cartasian plane R 5 s '

and approximately 60.14 km in reality.

o x == alctan-4 which is approximately 25.82° noith of east.
0.83 PP y

in condlusion, since the helicopter must cover 60 km in 15 min,
it must fly at 240 km/h with an direction of 26° measured
counter-clockwise in relation to the easi-west axis.

=

ER cJ\§> dnam W e
&n
i
i

¥

S
=
|
Eas
|
|
A
[=}
N
e
n
P

o o =

Activity 1
a. This information does not indicate the direction of the movement of each sateliite.
h. Although it is known that the satellites move along parallel paths, the direction of the movement of each one is not known.

€. You must also know the direction each satellite is headed on the line.

d. (D Yes, because the satellites are heading toward each other.
(2 No, because the two satellites have the same speed and are heading in the same direction. The left satellite would
never catch up to the right one.
(3 Yes, because the left satellite has a greater speed than the right satellite; it would therefore end up catching up to the
right satelfite and collide with it.
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Activity 2

a. 1) Equipollent vectors are vectors that are the same size and have the same direction. They are identical vectors.
2) Opposite vectors are vectors that are the same length but whose direction differs by 180°.
They are headed along a parallel path but in opposite directions.

3y Collinear vectors are vectors that have the same direction.

b. There are eight different vactors.

Activity 2 (cont'd)

€. 1) The yellow vector and the grey vector,
2) Several answers possible. Fxample: The yellow vector and the black vector,
3) Several answers possible. Fxampfe: The grey vector and the green vector,

d. For each vector, the first number of the given ordered pair is obtained by subtracting the x-coordinate of the head of the
arrow from the x-coordinate of the tail of the arrow, and the second number of the ordered pair is obtained by subtracting
the p-coordinate of the head of the arrow from the y-coordinate of the tail of the arrow,

e 1) {24 2) (2,4) 3) (-2,4) 4y (X, — X, ¥ — ¥
£ 1) ~64u 2) =~ 51.34°

Activity 3

a. A vector considers that a movement is defined not only by & length but also by a direction.
b. 1} 54° 2) = 2.35km

¢ 1) ' 2) == 1.43 km

B
i

Fmrédeﬁck

Technomath
a. The tail is located at the same coordinates.
b. Screen 2: 1) = 3 23 Screen 3:1) = 4 2)-4 Screen 4: 1) == | 2} 1 ‘

¢. if the direction of a vector AB corresponds to the angle measured counter-clockwise that it forms with the horizon, the
difference between the x-coordinate of points B and A corresponds to the distance between points A and B multiplied by
the casine of the direction of this vector,

d. Screen 2: 1) = 7 2) 2 Screen 3: 1) = 2 2}2 Screen 4: 1) = -4 2) -4

e. |f the direction of 2 vector AB corresponds to the angle measured counter-clockwise that it forms with the horizon, the
difference between the x-coordinate of points B and A corresponds to the distance between points A and B multiplied by
the sine of the direction of this vector.
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Praciice 4.1

1. a) A vector guantity. b} A scalar quantity. £} A vector guantity.
d) A vector quantity. &} A scalar quantity.
2. a) By (o ¢} 1955
T T
300° %L

7 km/h

.\H _____________
240N
4 kN
RS
SR

3. a) 1) AB and MN. o
2} Several answers-possible. Example: AB and EF.
b) AB, CD and MN.

Practice 4.1 (cont’d)

d.a)v =1{~32 =38 h)vV=I(=-35 =606} v =(=82~-97) d) v = [=-786.6, = -2161.3)
e) v =1{0,-05) f)V =(=-082,=-057) @)v=_(=82~"574) h}vV=1[{=1768 ~ 176.8)
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5. a) [v] = V2; direction: = 45°, b) [w| = 3V; direction: ~ 63.43¢,

o 17} = 5V/5; direction: =~ 26.57°. dj 5] = 2/37; direction: ~ 99.46°.

&) [1{]] = V5; diection: =~ 240.26° f) 7] = V&3.25; direction: = 279.46".

giln “ H = V/1.01; direction: =~ 95.71°. “05; = ; direction: = 270°.

i) 5]l = 2v2; direction: = 1352, iy 2] = V10 361; direction: = 349.24°.

4] ” lz = 3 direction: = 180°. 355“ = V113, direction: =~ 221.19°,
6. a) These vectors are collinear. b) Thesa vectors are equipoffent, ¢) These vectors are opposite.
7a00  BLO 9 ( \? —l/:) or (V05,05 d) (73 0.5) or (V0.75, 0.5) e) (o 5, ﬁ)
8. & and @
9. a) [BA] = 10.63; direction: = 138.81°. by |-CDll = 18.6; direction: = 306.25°.

Practice 4.1 (cont'd)

106. &) Several answers possible. Example: H “ - \/13; direction: =~ 123.7°,
Yy V] = 2/13; direction: = 123.7°,
L W] = 2v/713; direction: =~ 303.7°,
S 7] = 2\/“17 direction: ~ 284.04°.
A\ AT |7l = \/13; direction: = 303.7°.
bl V_ 5 \\ - Hn” = 6\f; direction: =~ 116.6°.
N by ‘\t x 15 = V17; direction: ~ 104°.
4 \s

¢} 1) Vector uis opposite to vector m, and vector v is opposite to vector w.
2) Vectors u, v, wand m are collinear to each other, and vectors fand s are collinear to each other.

d) 1) Several answers possible. Example: The components of two opposite vectors have opposite signs.
[ N - VEMHCEE compaonent B P .
2) Several answers possible. Fxample: The ratio h;ﬁfé%iﬁ?mggigm of two collinear vectors is identical,

11. a) 1) g 2
b} The slope of a line corresponds to the negative reciprocal of the slope of the other line. The product of the two slopes
is therefore -1 :
¢) The two vectors are orthogonal because they are supported by fines whose siopes have a product of -1, which
indicates that these lines are perpendicular.

12. Several answers possible for vectors w, o, p and g. Example:

Vi
E ‘ ]
7 i
'/ Wl’/
fi \ .
Y .
Al Cf_» =
~ /00 d
BTV
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13. a) = 63.43°
b) This vector can be represented by @ = (x, 2x) where x € N. Therefore:

7] = Viz £ 2 VI + 5 = Vaxd + 2 = Voxl = V5
_ “‘]H = Vax? + 22 VX + 52 = Vax? + x2 = oyt = /5

17 = VEx? VX + 5 = Vaxd = %2 = \5¢2 = x\/5

il = x5

Since xis a whale number, x\/5 is a multiple of V5.
¢) The horizontal component is equal to double the opposite of the vertical compenent.

Practice 4.1 (cont’d)

14. a) =~ 7.82 b) = 35.81 €) ~0.71 d) =~ 0.15
15. a) AB = (= -7.41, ~ 12.34) by AB = (=~ 6.43, = 13.18)
16. &) (=~ 561, ~ 3.24) b) (= 5.54, ~ 3.69) ¢) (=~ 0.8, =~ -0.4)

Practice 4.7 (cont'd)

17. a) 1) Norm: = 14.6 million kilometres; diraction; =~ 249.95°,
2) Norm: == 14.6 million kilometres; direction: = 313.06°,
3) Norm: == 14.6 million kilometres; direction: = 55.01°,
4) Norm: = 14.6 million kilometres; direction: = 153,08°,

b} The coordinates are appoximately (~12.64, -7.3).

18. Particles with the same charge: The force has a norm of 107° N and direction of approximately 30.96°.
Particles with opposite charges; The force has a norm of 10737 and direction of approximately 153.43°.

Practice 4.1 (cont'd)

19. a) B =(=51,=787% D=(=412=166° [=(=~3861~=2137° F= (=566, =315%
by H = (=-2.46, = 1.72)

20. a) The force is approximately 139.5 N.

b) The persor must place their hands 20 cm from the ground for the rope to be perfectly horizontal. Therefore, & = 0 and
the projection of the force exerted is f, .y X C050°, meaning that this is the amount of force exerted.

Operations on vectors

Problem

The adjacent diagram represents the consecutive displacements defined -
by the list of instructions as well as the vecior displacement that directly ~ Marker At
finks the departure point to Marker A. The measures of the horizontal

and vertical segments were deduced based on trigonometry.

This diagram also allows you to deduce that; ' P14t

o m DR =~ 1414 + 800 — 1386 ~ 828 m |0 {Depertur)
o mRA ~ 300 + 1414 + 574 ~ 2288 L u 25

o m DA ~ /22887 + 8287 ~ 2433 m wim e Y s

e m 2 ADR %\arctan%% = 7{° ;

Amelia must cover approximately 2433 m and place her compass at an angle

measuring approximately 290°, which is 360° — 70°, in relation 1o the north. S
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Activity 1

a.

1} Since the movements are consecutive, they cannot start at the same point.
2) The second movement starts where the first movement ended, which corresponds to the definition of two
consecutive movements.

1) 135°

2) By using the cosine law, it is detarmined that Hﬁf[ = 5.98 dam.
3) By using the sine law, it is determined that angle FDE measures approx:mateiy 13.7°. It is deduced that the direction of
vector DE is apprommate!y 43.7°,

This shows that GI = DE,
STATEMENT JUSTIFICATION

m £ GHI = 30° + (180° — 75°) = 135°
m £ GHE = m £ DFE

A GHi = A DEF Based on SAS.

HBEH = HGEH The congruent sides of two congruent triangles are congruent.

. 4.45in135°
m £ I1GH = arcsmm;{ai;

Birection of Gl a= 75° — 31,359 ~ 43,70

= 31357 Based on sine law.

Gl = DE ' Two vectors that have the same norm and direction are equipoflent,

Activity 2

a.

The horizontal component'gf ris equal to 3.2 cos 22.44°, which is approximately egual to 2.96 kN.
The vertical component of r is equal to 3.2 sin 22.44°, which is approximately equal to 1.22 kN.

D0+ 05+-09+43=3kN 2) The sum of the horizontal components of vectors p, n, tand fis

approximately equal to the harizontal component of vector r.

H-21+14+-03+22=12kN 2 The sum of the vertical components of vectors p, n, tand fis
approximately equal to the vertical component of vector r.

. The components of a vector resulting in the addition of several vectors correspond to the sum of the components of

each vector.

Activity 3
a.

1} i) The quentity of the total movement of the skiers is equal to p + p.

i) The quantity of the total movement of the skiers is equalto p + p + p.
2) i) The quantity of the total movement of the skiers is equal to 2.

i) The quantity of the total movement of the skiers is equal to 3p.
3) i} The norm is 1400 kgm/s and the direction is 30°.

ii) The norm is 2100 kgm/s and the diraction is 30°.
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b. 1) The direction of the resultant vector is identical to the direction of the starting vector,
2) The norm of the resultant vector corresponds to the norm of the starting vector multiplied by the same scalar
as the vector.

€. 1) p = {=606.22, = 350} 2) 20 = (= 1212.44, = 700} 3) 3p = (= 1818.65, = 1050)

d. This conjecture is true because 25 = (= 1212.44, = 700} = (2 X 606.22, 2 X 350}
and 3p = (= 1818.65, == 1050} = (3 % 606.22, 3 % 350).

Technomath
a 142 2 {3, 3) 3) (1,5
b. 1) (52 2y (3, 3) 32,

€. The components of a vector resulting from the sum of the two other vectors correspond to the sum of the components
of these two vectors. '

d. AB = {6,-1), AC = ia,7 and AD = {7,6).Yet, since (6 + 1,71 + 7} = (7, 6), the conjeciure is verified.

Practice 4.2

1. For each case, the resuftant vector is the one that is drawn in hold.
a) ™. h) ¢ 3
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Practice 4.2 (cont'd)
2. a) AC b) BD

3. &) Norm: = 3.12; direction: = 108°,
¢} Norm: = 22.82; direction: == 204°

c)ﬁ%'

d)M\orB_

£) AB

b} Norm: = 5.07; direction: = 78°
d) Norm: == 3%.82; direction: = 72°.

4. a) (-1, 8 b) (-2, 12) ) (1,-4) d) (-2, 1) e) (6, 9}
) {6,-10) g} (-15, -50) h) (8, 56) i) {12,-6)
Practice 4.2 (cont'd)
5.a) 1) J’t : b} 1) - A1) Y
/620 A 239" 322 !
ot —C - (g
C -
/ uuuuuuuuuuuuu av\“%s
[ n[ ............... .
)V =(=19 =35 2) v o= (= -38.6, = 64.3) 2} Vo= (=014, = -0.11)

14
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a)s = (6,10} b) 3 = (-46,-33) Qs ={10,3)
d)s = (7,21) e)s = (-18,-18) fys={a—c¢-b~d
a) (1 Segments AC and BD are opposite sides of a parallelogram and as a result are parallel and congruent.

Vectors AC and BD therefore have the same norm, direction and are eguipollent.
(2) Itis g direct app!;catlon of The Chasies refation,

(3) In the equality AB+BD = AD BD has been replaced by AC which is equipollent to it as explained in a) (T).
Yet, replacing a term by an equivalent term conserves the equality.

b) Statement Justification

AB — AC = AB + CA Sincefﬁza.

AB — AC = CA + AR Since the addition of vectors is commutative,

AB —~ AC = (B Based on the Chasles reEaﬁcn.

G, . i st .
Practice 4.2 (cont'd)
8. a) D'E + EB
b} AB — AD -
<) EB -+ BC + CA B
d) Several answers possible. Example; EB + BC + CA + AE
9. a} CA b} BD Q) BD d) BD
10. ) [ grarement JUSTIFICATION
AB +8C +V =0
AC+¥ =0 Based on the Chasles relation.
AC + ¥ = AA Since AA = {
AC + CA = AA Based on the Chasles relation.
7 =CA CA has been substituted by v while conserving
its equality.
v =AC The opposite of a vector is obtained by inversing its
tail and head.
b) 1) v = AC 2 v =AC | 3) V = DB
11.8)v=1{64),p= (3 12y and t = (0.4, -1). _
b) 1) 5 2 £ 3)-4 84 5)2.5 525

€} 1) Since two vectors in which one of them corresponds to the product of the other by a scalar are supported by a line
with the same slope, you can deduce that they are parallel and have a direction that diﬂ‘ers by 180°,

2) The siope of the line that supports i is £ and the slope of the line that supports v is ka, b which is equivalent to -
The conjecture is confirmed.
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Practice 4.2 (cont’d)
12. 8) v = 44U BV =20 ) v =-250
13. y '

[~

P\ 2.8 kgm/s

= (180° — 162°) + 45 = 63°

1Bl = V2.87 + 3.22 — 2(2.8)(3.2) cos 63° = 3.15 kgmis

)= arcsén~3~¢g§1_'~1'l§{ii == 65° and a direction of p, ., = 110°.

The components of g, are therefore approximately (-1.06, 2.97).
b) You have faﬁnam + IBﬂnaIB - Etota\l 5finaIA ( 2. 98 =~ n‘E) and Proat = ( 71'061 = 297)

You can deduce that:
(= 2.98, = -2.01) + By, 5 = (= -1.06, = 2.97)

Dinaip = (= ~1.06, = 2.97) = (= 2.98, =~ -2.01) = (= -4.05, =~ 4.98}
The components of the vector that represents the quaniity of movement of Object B after the collision are
approximately (-1.9, 4.97).

¢} The norm of v, 5 is approximately 2.15 m/s.
The direction of p pfma‘ p IS approximately 180° — arctan4 o5 8 which is egual to approximately 129.1°,
SINCE Prrp = MyVogp = Vi 1t 15 determined that the direction of ¥y, 5 is identical to the direction of
Proat & Which is equal to approximately 129.1°.

Practice 4.2 (cont’d)
15. a) 1) The direction of(?A is 180u

2} Since 0A = ~m -AB, then:
1

o] = HABH

G253

loa] = 18m
3) The barycentre is placed at 1.8 m from point A ¢r at 1.2 m from point B.

b oa] = s

10 cm = e

|AB] = 10 010 cm or 10.01 m.
This lever must have a length of 10.01 m.
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16. &) You have ﬁ = (== -120.4, = 159.7) and ?2 = {== 133.65, = 68.1). it is determined that;
Fo+ = (= 1204, = 159.7) + (=~ 133.65, ~ 68.1)

f +f (= 13.25, =~ 227.8}
The compoments of the force that corresponds to the sum of the f and f are approximately {13.29, 227.83).

b} No, because the only horizontal components of the force corresponds to the horizontal movement of the concrete
block. The contender that exerts a total force that is weaker than the other contender but whose direction is closer 10
the horizon can win. In fact, this is the case in the situation illustrated in the problem,

¢} The disadvantaged contender is the one cn the left because the horizontal component of the resultant force is directed
toward the right. In order for this contender to win this match, they must:
17| cos53° = 150¢0s 27°

150¢os 27°
”f ” coé%z"

The disadvantaged contender must exert a force of at least 223 N.

] Linear combinations and scalar products

Probiem

e By placing the vector associated with the key end-to-end several times and by placing the vector associated with
. key end-to-end several times, two chains of vectors are obtained.

¢ By piacmg these chains of vectors so that the tail of a chain corresponds to the departure point and the head of the other
peint corresponds to the arrival point, you can determine the number of times you must press on each key.

Kerim must press the

key & times and the €, key 4 times,

Activity 1

1) These veciors are collinear, 2) These vectors are collirear.
b. )y mZLACB= 45° + {180° — 117°) == 108° 2) m £ ABC = 180° = {70° — 45°) — 108" = 47°

3) @\Iz%z 143cm 3 4 Jcalf = “E2ER2l < 651 em
¢ 1) AC =~ 4y 2) (B =3V
d. AB ~ 47 + 37
e 1) 29 = 2k + 3k 2) k= Tand k, = 5. 3) EF ~ 75 + 5¢

-4 =3k + 5k

© 2010, Les Editions CEC inc. » Reproduction authorized VISION 4 B Supplementary rescurces « Answer key to Student Book S8 - Vol 2 17




Activity 2

a. 1) The force is approximately 281.91 N, 2) The force is approximately 198.5T N,

b. 1) The work performed is approximately 1409.54 ). 2) The work performed is approximately 1985.09 J.
¢. W=l xcoso x [[d]or 7] x |d]| x cose,

d. 1} The length of the movement is 6 m. 2} The iength of the movement is approximately 6.1 m.
3) The length of the movement is approximately 8.49 m. 4) The length of the movement is 12 m.

Practice 4.3
f.a) == 1853 b) = 2.91 ¢} ~ 2.96 d) = -1.98 e} =~ 0.27
f) = -6.07 g) 0 h} 15 i) 5.4
2.8) W= 20 + 37 )T = 10+ 2V O f=3i-%7 d)7 = i + v
- . w2 14~ — 107 19— - -
e}yp=-1u + 3v f)qz~3~u—w~3-i{ g)m:mqumv hyn =0u +0v
3.8)3 b) 41 1.7 d) 313 e} -4.5 ) 100
Practice 4.3 (cont'd)
4. a) 5. b) ) d) =&
A
s
g —
" AR
; t
AB
s
B,
5.2) (3 23) b) 17 q 153 d) (6, 8)
e} -34 f) (-40,-9) g} (15 1) h) 119
6. Solve the following system:
ka+ kc=10
kb+ kd=10 _
By isolating k, in each equation, the system can be solved by using the comparison method. You obtain:
d
k= ey
d o _

It is determined that there are two possible cases.

e You have &, = 0, which implies that , = 0 and the linear combination that obtains G and 0 = 04 + OV,
e You haveg e *g, which implies that vectors ¢ and v are collinear (g = é equals % = -57 which indicates that the
veclors are supported by the lines with the same slope), and there are an infinite number of linear combinations that can

obtain 0. Cnly coefficients &, and &, = 0 are such that &, = +k1~|-g-|% such that the vectors are either headed in the same
or oppasite directions, Ivl;
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Practice 4.3 (cont'd)

7.a 10 2) =~ -7.88 3) =~ -7.46 4 0 g) = -3.94 6) 0
b} The scalar product of two vectors that form an obtuse angle is negative.
¢ #oand@.
d} 1) Several answers possible. Example: (6, -4) 2) Several answers possible. Fxample: (2, 5)

3) Several answers possible. Example: (8, -30)

8. a) 1) Several answers possible. Example: 4 = (2, 4) 2) Several answers possible. Fxample: v = {2, 7)
b) 1) Several answers possible, based on the vectors mentioned in a). Fxample:
]| ~ 4.47 and 7]~ 7.28.

GV =2X2+4%7 =32
¢ Since i+ v :32 and v - v —lgu“x”"“x cos 8, you have:

g = afccesu ” W arccos{m 10.47°

The measure of the acute angle formed by lines £, and /, is approximately 10.47°.

Practice 4.3 (cont’d)

9.a) -V =(ad (cd by ki - kv = ka b k{c d)
U v =ac+ bd ki kv = (ka kb - (ke kd)
uy o=t db kil - kU = kake + kbkd
bor=lea-ah kil - kv = kkac + kkbd
ki - kv = kk{ac+ bd)
ki - kv = kkof(a b) - (¢ o)
kil - kv = k(i - )
Q- +w=(ab-(cd~+lef) d)i -7 =(a b (@b

J-(W+wy=(ab ((ctedt Jod=a+p

U (v +w)=alc+ e + Hd+ f) = (Va+ b

g.(zmkﬂf)}:ac+ae+bd~€mbf - EHH*HZ

TV +w)=ac+ bd+ ae + bf 3 é

P M ={ad (¢d+@b-ef

U-Vrw=u-v+iu-w

16. a) 2(1,3) + 34, 2) + 44, 1) + 4(5, 3) + 1(3, 5)
b) The resuftant vecior is (53, 33).

Design and ergonomics

of a remote control
Importance

of ergonomics &

40 ‘ T

30 ] ; ~

20 >

10 T A

0 10 20 30 40 50 60
Importance ol
the design

¢} The design influences the consumers more because the vector has a horizontal component greater than its
vertical component. ,

d) The vector would have a direction of 45°,
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Practice 4.3 (cont'd)
" 11. a) AB =~ 2.97¢ — 2.895 b) AB =~ 0.56% + 0.96¢
o

A
5.751’_/"\,_\

83° y

i2. a) !f each worker found at point A generates a force f and each worker found at point B generates a force 7‘2, you have
f == (-153.21, 128.56) and f = {58.61, 138.08}. The resultant force is therefore f == Sf + 2f =~ (-648.83, 918.84}.
The follewing is getermined:
o [l = 11241
e The darection of f is based on an angle measuring approximately 180° — arctan 2212 3 which is approximately
equai to 125°,
b} You have f = (-809.15, 2002.72). You must therefore determine which finear combination of 1?1 and E can generate
£, in other words, solve the foliowing system where k, and &, correspond to the sought-after number of workers:

~153.21k, + 58.61k, = -809.15
128.56k. + 138.08k, = 2002.72

You obtain &, = 8 and k, = 7.
Eight workers must pull the cord at point A and seven workers must pull the cord at point B.

Practice 4.3 (cont'd)

13. a) 1) = 122352 2y =~ 281.58 } )~115188J 4)~265698J
b) if the three movements correspond respectively to vectors dw d and d , the sum of the work W, can be expressed
as follows:
. STATEMENT JUSTIFICATION

VL/luIa1:W+W2+M/3
W = =7 d+f d+f o‘

Wi = f- (a‘1 + dz + d3) Tha scalar product is distributive over a vector quantity.

W = 7 AR Based on the Chasles relation, Sénce_gj, r72 and 07; are placed end-to-end
point A corresponds to the origin of d, and point B corresponds to the
extremity of d,.

14 1f 0 = {3 byand v = (¢, o), the slope of the line that supports ¢ is m, = -9- and the slope of the line that supports v
is m, = f Moreover, v and v are orthogonal if ¢ - v = 0. Therefore:
v-v=90
a b -(cd=0
ac+ bd=20
ac = ~bd
By dividing each side of the equality by b¢, you obtain:
a_-—d a

1
Emm@-—‘mﬁ—f—ﬁm]:f

1
c b ° i

o
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15. a) Several answers possible Examp/e"

3k, — Zkz
5k, + 3k, v3
9

You obtain &, =~z and k, = and the linear combination is -~9~"v + %_’
b} Several answers possrb/e. Examp/e,

The vector (3, 2) is orthogonal to w = (-2, 3). The following system must therefore be solved.

3k — 2k, =3
Sky + 3k, =2
You obtain &, = 1-3- and k, = —5, the linear combination is By _ 35

19’ 19 19

Chronicle of the past

TAX) + 00+ (B = (A X) + (X, M) + (M, B)
(A, )+ 00Y) + (Y, ) = {AX) + X M)+ X Y)
(B, %) + (Y, B) = (A, X) + (X, M) = (A, M)

ft is determined that (Y, B) = (X, M).

Since the straight fine consists of the shortest trajectory between points A and M, the trajectory (A, X) + {X M) is minimal
if points A, X and M are aligned. Yet, this trajectory is the same length as (A, X) + (Y, B) because (X, M) = (Y, B).

2. Figure (1)

3. Figure (2)

In the workplace

_'7
1. a) The glider's drag is ¢, X r X SXMLiO{}7x13><8><——3276N

1ol
b) The glider's liftis C, ><r><5><H =06 X 1.3 % 8 X L —2808%\!
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a} The norm of the aerodynamic resultant force is V327.6% + 28082, which is approximately 2827.05 N.

The direction of the aerodynamic resultant force is 95° — arctan 2%308 . which is approximately 88.35°.

Y]
A \ Aerodynamic
Lift: ' resuitant force
2808N ||}

) % B e
w::::==,,__,.ltauzzﬁiit::},,i: ,,,,,,,,,,,,,
- Drag:

3276

b) The norm of the aerodynamic resultant force is V327,67 -+ 28082, which is approximately 2827.05 N,
The direction of the aerodynamic resultant force is 100° — arctan 32808 , Which is approximately 93.35°,

'1’.
v Aerodynanic
Lift: , resuitant force
2808 N ‘
R B K
-0 Drag:
3276

3. &) The norm of the vector associated with the sum b} The norm of the vector associated with the sum of the
of the mass and the resultant force is mass and the resultant force is
V2827.1052 + 25002 — 2(2827.0542500) cos 1.65° \/2827.1057 + 25007 — 2(2827.05){2500) cos 3.35°
which is approximately equal to 336.5 N. which is approximately 362.04 N.
The direction of this vector corresponds to an angle of

The direction of this vector corresponds to an angle of
2827.05 sin 1.65° e . o 4 . 2827.05sin3.35° C
80° — arcsin—=: 5508 , which is approximately 90° + arcsin == , which is
equat to 75.94°.

approximately 117,11°,

Mass: Resuttant

; . Resultant I | Mass:
2500 N . ffggggagl?\lfﬁme aefotynamic faree: | | 2500 N
: = 2B27.05N
T \ ?“
P 1.65 = = 3,35°
\\% 88.25° 93.35°
_____________ ‘.\__ 4
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Overview

1. a) v = (-13.3,8.9) b} vV = (-83.5, 217.5) ¢} v = (0.5 -0.4)
d) v = (-0.7,-1.9) e) vV == {46.8, 14.3) f) v =~ (559.2,829)
2. a) 7] = 18; direction: ~ 56.3°, b) |w] ~ 9.5; direction: ~ 251.6°.
'y HJ%I = 17, direction: = 45°, d) M[ = 107.7,; direction: = 164.4°,
e) |7l = 1.4: direction: =~ 135°, £) |7l = 0.6; direction: ~ 303.7°.
3. a) AB b) AC ¢) AB
d) AA or 0, e} CC or CO, fy AD
= 54 o 331- A
d.a)v—Bgu b)vmmu. € v = U
“ DR _
dy v =-10u ey v =10.75 f)vfern
Overview {cont'd)
5. a8) =~ 134 b) = 710.9 ¢} = 16.67 d} =~ 212.78
6. a) [T + V]| ~ 5.4: direction: =~ 52.2°. b) [[% — Z|| = 8.6; direction: ~ 254.5°,
) Hg - :T?H == 15.7; direction; = 66.8°, d} HT + k- }H == 21.4; direction; = 127.4°.
Overview (cont'd)
7 YA
J 5
NN
e e
SRR 2 | 4 X
ot I P LV T
-2 | gt I\
M EEAVET
,C \
8. a} =154 b) =~ 36 ¢ ~ 279 d) -109 e) -23.76 f)-13 858
9. a) (= -0.82, = 0.57} or {= 0.82, = -0.57). b) (=~ 3.44,~ 491} ¢ (=24,=-29)or (=37, =06}

Gverview {cont’d)

¢) & and §. d) &

11. a) AB~ 263 + 17.81 b) AB ~ 255 + 147 0 AB =225 + 7.550 d) AB = 25 + 1T
12. a) = 63° b) 90° ¢ ~ 64°
d) 0° e) ~ 26° f) = 79°
Overview (cont'd)
13. a) (7,-3)or {-7, 3). b) i =3,7) o7 (WL,%‘E)
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14, a)

15. a} The resultant vector that is associated with the cutward trip is (16, 8). The return trip can therefore be represented by
the vector (-16, -8). its direction would be approximately 180° + arctan 0.5, which is approximately equal to 207°.

b) The distance carresponds to \/167 + 87 and is approximately 17.9 km.

Overview {cont'd)
16. a) 1) The distance that separates Fragment A from Fragment B is A
V15.397 -+ 18.247 — 2(15.39)(18.24) cos62° , which is approximately equal to 17.49 km.
2) The distance that separates Fragment B from Fragment Cis o
V13417 4+ 18,247 — 2013.41)(18.24) cos 54°, which is approximately equal to 15 km.
3} The distance that separates Fragment A from Fragment Cis
V13417 + 1539 — 2(13.41){15.39) cos 116°, which is

15.38 km

approximately equal to 24.45 km,
B) 3 s after the explosion, the quantity of the movement: B"f.,'
* of Fragment A Is represented by p, = m,i,, in a direction of 128> e FRALXERTY
and whose norm is 0.5 kg X 5.13 km/s, which is 2.565 kg km/s. Tt

Therefore p, =(= ~1.58, =~ 2.02),

e of Fragment B is represented by p, = mgY,, in a direction of 190° and whose
norm is 0.3 kg > 6.08 km/s, which is 1.824 kg km/s.
Therefore p, = {~ 1.8, =~ 0.32)},

= of Fragment C is represented by p. = mcv;, In a direction of 244° and whose
norm is 0.4 kg X 4.47 km/s, which is 1.788 kg km/s. Therefore p; = (= -0.78, = -161).

[t is determined that the quantity of movement ¢f the asteroid is:

1.2kg X Vg = (71,58, 2.02) + (-1.8,0.32) + (-0.78, -1.61} = (-4.16, 0.9)

- 1

Vasterond ~ %(74'16' -0.9)

Voo = (73.47, -0.75)

7 arsl = V3477 0757 = 3.55 kmis and arctan 342 = 12.2°.

The speed of the asteroid before the expiosion was approximately 3.55 km/s, in a direction of 192.2°,
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17. a) By using the sine law, you discover the following:

* The thrust of the port engine must be approximately 550.61 N.
e The thrust of the starboard engine must be approximately 2000.91 N, Theustof the

The following is determined: starboard engine ff Theust obtained:

e The port engine turms at a speed of 1000 X 52%5 trns/min, 25000
meaning approximately 2563.05 turns/min counter-clockwise st of T
(due to the direction of the force of the engine). Eogzzgigee 4

e The starboard engine tumns at a speed of 1000 X 20308(')91 twrns/min,
meaning approximately 6669.71 turns/min clockwise.

b) By using the sine law, you discover the following:
¢ The thrust of the port engine must be approximately 650.79 N.
@ The thrust of the starboard engine must be approximately 2601.19 N, Thrustol
. . . FUSL ol the

The f(}”OWlﬂg is determined: 6507 starboard ergine 1| Thrust obiained:

e The port engine turns at a speed of 1000 x 206 9 turns/min, 3250 N
meaning appreximately 3253.96 turns/min clockwise. T

. J601.19 ) Thrust of the 4°
 The starboard engine turns at a speed of 1000 X turns/min, nort enging

300
meaning approximately 8670.63 turns/min countai-clockwise,

Overview {cont'd)

18. )|  STATEMENT JUSTIFICATION
AB = (B — CA

AR = (B + AC By inversing the tail and the head of a vector, you abtain & vector that is opposite to it.

AB = AC + CB ~ The addition of vectors is commutative

AB = AB Based on the Chasles rejation.

b) 1) The scalar products of two identical pairs of vectors are equal.
2) The scalar product of vectors is distributive. Therefore

(CB — CA) - (CB — CA) = - CB - (CB — cA) — CA-(cB - Al
=CB-CB -~ C8-CA—CA-CB+CA CA
= CB-CB+ CA-CA—20B-CA

o [asll = licgllz + callz - 2hcg]l x ical cose

19. Solve the following system:
ka + k= ka
kb -+ kd = ke
By isolating &, in each equation and by using the comparisen method, it is established that Z and ¥ are collinear if
ko ke ki—kd ka—ke s

= or .
a b ke—kd b
Accerding to one of the properties of the proportions, this equality is true only nc = 2, in other words if—;- = %‘

— k¢ a

kk-zdb

k d
Yet, since v and W are not colfinear, this proportion is not confirmed. In order for proportion
to be true, k, = 0.

20. Since the variation rate between points B and € must be the same as the one between points A and B,

%w& = 0.5 and ymust therefore be 2.5 units more than half of x (y = 0.5x + 2.5)
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Overview (cont'd)
I X 2+2x1

75

by} The scalar product of these vectors is 4a%, and each of these vectors has a narm of V5 a. Therefore:

4a* = (\/54)(V54) cos0

4a? = (5a%) cos 8

21. a} The angle between vectors {1, 2) and (2, 1) meastres afctan( ) fn other words = 42°,

4 = zcose
056 = T
22.8) 1) 2 + 2i = V8, 45°) 21+ 3i=~ V10, 71.6%
3) 6 — 5/~ (\/61,320.2°) 4 7+ 0i=(7,0%
b) 1) {4, 35%) =~ 3.28 + 2.29j 2) (7,123%) =~ -3.81 + 587/
3) (V2,259 =1 a) (12, 150°) = -10.4 + 6

Bank of problems

1. In order for the ship to arrive at the port in 25 min, P o,
ol _ 12000m
1506 s 1500 !
which is 8 m/s. its direction must be 121°. Since 7

is the speed that must be added to v and w to cbtain Resultant
the desired resultant speed, it is possible to graphically speed
represent this situation as follows: . o

the norm of the resultant speed must be

[t is deduced that;

Hv + w” V9 + 57 — 2(5)(9) cos 140° =~ 13.2 m/fs Based on the cosine law.

m £ COD == arcsin22n140° = 76° Basad on the sine faw.

m £ AGC = 54°% — 26° = 28°
m /2 COP = 121% — 26° =~ 95°

HEH = V1322 + 8% — 2(13.2}(8} 05 95° =~ 16 mis Based on the cosine law.
m £ OCP warcsiragiy]n&‘gi == 30° Based on the sine faw.
6 = 360° —m £ OCP ~{180° ~ m £ AQC) Angles AGC and OCF are supplementary.

B = 360° — 30° ~ {180° — 28°} =~ 178°

The pilot must apply a speed of approximately 16 m/s to the ship, in a direction of approximately 178°.

2. Since the sought-after vector (¢, d) is a unit vector and orthogonal to {a, ), the two following equahons can be proposed:

@ (a8l d) =0 @\/Eﬁdzwmrcudz 1.
By isolating din Equation (1), you obtain o = <= '

After having supstituted this expfessmn by din Equat on (2, the foflowing process can be made.

ac?
c? ““52—‘ =
2 2 2
A+ 1)= =55 =0
Val + i
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b ab -a

= ==, then d = - =
Vat + B et + b Wat v b
b —ap -
If ¢ = =, then d = - =
Val + b’ Val+ B VE +

. -h & b -a
The vectors obtained are therefore ( : ) and ( —, ,———)
Val + bt Val + bl Val + bt Val + B

Bank of problems (cont’d)

3. By following the first series of instructions by the Internet user ~Einstein~, you can state:

7= kia b+ kic d) = lha+ ke kb + k)
Z-W = ha+ ke kb+ bd}-(c d)
Z-W = (ka+ ke + (kb + kd)d
Z

W o= kac+ ke 4+ kbd + kd
By following the second series of instructions by the Internet user ~Einstein~, you can state:
kiac + kol + kbd + kd? =0
kac + kbd + k2 + kd? =0
kilac+ bd) + kic! + d) =0
By following the last series of the instructions by the Internet user ~Finstein~, you can state:
klac + bd) + ki +d') 0
ki ok
(ac + o) + 2 + ¢7) = 0

H

B0 4 @) = ac + bd)
= k,  ac+ bd)

ko o+ dl _ B
Yet, v - W = (a, B - (¢ d) = ac+ bdand |W = (VI + 2 = 2 + d2,

[t can be concluded that L o
R i

A _m

4. If point C divides segment AB in the ratio =, this indicates that “e=1 = . You must therefore show that this proportion is true.
g B prop

lesl = o
STATEMENT JUSTIFICATION
AB = AC + CB Based on the Chasles relation.
CB = AB — AC Based on the Chasles relation.
G= "7 Since AC = — A5,
(B = KE(T - mT n) Since the multiplication of a vector by a scalar is distributive over the addition of scalars.
Yn oo ARl om
b= A8 - )
— ““B* m+n—m
m=n
- mf HK-B”
Iac _mrand I . ‘
i T — The.norm of & resultant vector of the multiplication of a first vector by a scalar is the
€ s n“AB” norm of this vector multipfied by this scalar,
[ e - [y
!@!! ) m+n n n
m-+n

Conclusion

1]
. AC . . .
Since E@m = %7- then point C shares segment AB in the ratio %
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5. The informaticn on the drawing shows the following:
» The area of ADEF is given by m m AF X m AD.
e mAD = mAC = |ac],
o m AF corresponds to the norm of the orthogonal projection of AB on the line that supportsﬂf
Calculating the area of ADEF therefore comes from muEUp%ymg the norm AC by the norm of the projection AB on the Tine
that supparts AC. This is the definition of the scalar oroduct AB - AC.

The information on the drawing shows the following:

e The area of AGHI is given by m AG X m Al

o mAl = mAf = [AB|.

e m AG corresponds to the norm of the orthogonal projection AC on the line that supports AB,

Calculating the e area of AGHI therefore comes from muitlpiymg the norm B by the norm of the projection AC on the line
that supports AB. This is the definition of the scalar product AC - AB.

Since the scalar product is commutative, you have AB - AC = AC - AB. It is deduced that the guadrilaterals ADEF and AGH!
are equivalent.

Bank of problems (cont'd)

6. * The components of the vector assodiated with Joanne's second movement are (= 4.33, -2.5).
e The resultant vector of the set of Joanne's movements is & = (-3, -2} + {= 4.33,-2.5) = (= 1.33, -4.5),
= in refation to Joanne’s initial position, Alfred's initial position is obtained folfowing a movement whose companents
are {= -0.35, = 0.35).
¢ The resultant vector of Alfred’s set of movements corresponds to -3¢ : -3¢ = -3(= 1.33, -4.5) = (= -3.99, 13.5).

e in order to join Alfred, Joanne must make a resultant movement of the inverse of her movements added to Alfred’s
movements and to the movement that separated them at the beginning. The resultant vector of this trajectory is therefore:

4 — 34 + (= 0.35 = 0.35) = =~ 1.33, 4.5) + (= -3.99, 13.5) + (=~ -0.35, =~ 0.35)

= (= -5.32, 18.35)
® The norm of this vector is approximately V(-5.32)2 -+ (18.35)?, which is approximately equal to 19.11 km and the
direction of this vector is approximately 180° — arctan%%, which is approximately equal to 106.17°.

7. = The components of a+ b correspond o the components of the projection of ¥ in the xy plan.

This norm equals V]| cos30° = 13 cos30° = 11.3.
Therefore you have a = 11.3 cos50° = 7.3, b= 11.3 sin50° =~ 8.7 and ¢ = ||V} sin30° = 135in30° = 6.5.
It can be concluded that v = (7.3, 8.7, 6.5).

# The components ¢ and e correspond to the components of the projection of w in the xy plan,
This norm equals “W” c0s25° = 13 ¢0s30° ~ 10.9.
Since the projection of w in the xy plan is located in the 4th quadrant, you have:
d=~-10.95in20° =~ -37, e =~ -10.9 c0s 20° = -10.2 and f = ||w]] sin25° = 12 sin25° ~ 5.1.
It can be concluded that w =~ (3.7, -10.2, 10.9).

e Therefore:

v-w=1(abc-{def
V-w=(73,8765) (-37-10.2,10.9)
Voow o= {73370 + 8.N10.2) + (6.5)(10.9)
Vw449
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Bank of problems (cont'd)

8. The movement that allows the actress to get from point to point is the following:
@ From peint A to point B is represented by & vector ) in a direction of 36° and whose norm is approximately 11 m,
e From point B to point C is represented by a vector ¢, in a direction of 234° and whose norm is 12 m.
The movement that allows the cameraman to follow the actress is the following:

® From point A to point B s represented by a vector that corresponds to the projection of az' on a line inclined at 23°
in relation to the horizontal. The norm of this vector is d} cos(36° — 23°) = 11 cos 13° = 10.8 m. Since this movement
must be done in 3 5, the cameraman must move at an approximate speed of 3.6 m/s.

e from point C to point D s represented by a vector that corresponds to the projection of 072 on a line inclined at 23°
in relation to the harizon. The norm of this vector is o) cos(234° — 180° — 23°) = 12 c0s31° = 10.2 m. Since this
maovement must be done in 4 s, the cameraman must move at an approximate speed of 2,55 m/s,

The cameraman must make a first moverent of 10.8 m on the rails to the right, at a constant speed of 3.6 m/s for 3 5. He
must then stay still for 15 < then move 10.8 m to his lefi for 4 5 at an approximate speed of 2.55 m/s.

9. The Chasles relation states that PB = PA + AB and PC = PA + AB + BC. Therefore:
PA + PB4+ PC =0
PA + {PA -+ AB) + (PA + AB + BC} = 0
3PA + 2AB + BC = 0

ﬁzamgm
o 72(6,*8};7{*10,2)
PA = (-2 14

we (2

If the triangle is placed an the Cartesian plane so that the centre of the gravity is located at the origin, the coordinates
of vertices A, B and C can be deduced. You obtain;

2 5B 4]

33 3" 3 30 3
Theretfore: ‘
o diA P) = f(§)2 + (igf‘—)z ~47
o d(B, P) :\g(gﬁh(%)zzes
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