Unit 5- Cartesian Vectors

WORKBOOK

MCV4U







_______________________________________________________________________________

W1 - Cartesian Vectors

MCv4U
lensen

1) Express each vector in terms of the unit vectors  and J.

a) [-2, 0]

= -0

2) Express each vector as a position vector [a, b].

a) 30 + 2f

[%,30)

(-5)

* (%\,“-j\

b) 4f

[0,4]

3) Write the coordinates of each Cartesian vector and determine the magnitude.

=5 T

C = [3-2,1-¢9)= [hY)

[8\ N UW - JI'7

4) Given the vector ¥ = [2, -5].

il

11_5:]:

c) [3, 2]
=24+ Q)
c)—=7i+3jf

[-3-¢9),3-5]) = [3,-37)

JZ‘;\l + (—2—\)\

= Jiz
(14, 4-2) = [-5,3]

B = (’66("))‘1"‘] = E‘(/;'Bj

1D |= Jeu™ (=3 = Jag = 5

a) State the vertical and horizontal vector components of 7.

\\0\\('2,0/\‘5'0\\ B U‘k < 1
Ue’“"hCO\) o \/\3 = 5

b) Find two vectors that are collinear with 7.
1\7) = [}(1-.));(-5)3 2[(‘/,‘{0-]
30 = [3),3¢-9)] = [¢, -157]



5) If 2 = [-3, 5] and ¥ = [2, 9].

a)u+7v b) 0 c) -3uU + 47
- | -
=[-312,54] =Y = -3(3,5]+9[2,47)
) - [q,-15 )+ 9,36
(W) =L [35] (1,200 [5¢]

(A

(7,317

B = S
- [d%& ‘FFJ

d) 7u + 61 — 8] — 3v e) V| f) |-31 — 27|
- A = -L_-“
= I31E) G553 (o W) d oy 3353 = 303,52 [2,4))
- 3w N A » A A = - -‘ - L{ lg
A +35) +€\-$o A 21'70 ;?5 [‘1) 5] [ ) j
= -0 r0) - (5,-33]
- L —
> [2\,0) -3 -2 = Jegpe(s
6. Write each force as a Cartesian vector. < J W\ \\—(
a) 750 N applied 45° to the horizontal b) 215 N applied 68° to the vertical
| P
f ’[50 H 1 ng p
750654
. _/--"if‘;‘ J_SG 4s) ¢?° T}\‘S ‘SIA(?&)
_’605"51‘1"3_? - r _22‘__}____
2 15¢es(32)

-

-3
f = ]750cesus) 750 sM(qs)] Fe [llscascm y M5 Sl,\(};),)]‘i

c) 450 N applied upwards d) 17 N applied downwards

[C’)L’f 66] [O) 47]

’Pw M



e) 1000 N east f) 80 N west

woo M 50 N

[Vooo, c)] | [’70’0’)

N

7) An aircraft is travelling at 750 km per hour at an angle of 35° to the level ground below. Find the force in
component form as a Cartesian vector.

15"

=
T
‘)‘-\. N _>.—..

ad

? - E’6O s (35) )7505Ly\(35ﬂ ~ [6(({ .36, qb“%’]

Q

10
A mom is pulling a sled exerting a force of 220 N along a rope that makes an angle of @8t to the horizontal.

Write this force in component form as a Cartesian vector.

| ,() =t [330 <o$3~0)33—0$v\90] oy [log--?g) 7613(—(]

| 190‘\/,//5n

)

9)Leta=[—2,5]and3:[5'—7]. e mm o e e
a) Plot the two vectors. ) I P
b) Which is greater: ld’ + B| or |d| + |E| ?

- ;
& +b =[5 5+(7))

[’3,'3«] 23
3%\ = I

|'0'?{+\G:\ = Jm+ Y

n

)
T .

iy

|a>|+!E’l>la’+E)| ::Zf“f:ﬁﬁ;_gi_:



10) Given the points P(—6,1), Q(—2,—1), and R(—3,4), find...

a) Q—I” b) |ﬁ| c) perimeter of APQR
N ~ I N e —>
&% = [-6-¢3) -0 | = el e (0-y) lep | =395
. = By- Toh
= [-4,30) = J T 1 oy
il —
. - Jda
= Jig - JE
= 3Ja 5
IS5 [P (50
- Jab

11) Which vector is NOT colinear with @ = [6, —4]?

b=[3,-2],¢=[-6-4],d=[-64] oré = [-9,6]

by oy Gy 9y x ; o Ox Ry
by b Cx Ce ol ! Cx e
X _'J \) 'j
S _.4 E_ . =l E- - ‘ﬁ-— s . o
. -6 T TG < TN R
220 ) [ =~ -“",3 - -9 2
- + - - ) - ~>
Q ;,',U;;) 8 16T ce . az -d a Z“'f’ai’
ANSWER KEY:

1)a) 21 b)3f ¢) 3t + 2] d)-i+ 6]

2)a) [3,2] b) [0, 4] ¢) [-7,3] d)[-S, 0]

3)a) (3,~2); V13 b)(-5,2); V29 ¢} (1,4); VI7 d)(-4,-3);5
4) a) vertical: 2; horizontal: -5 b) e.g., [4, —10}, [—6, 15]

5.a) [-1,14] c) [17, 21] d) [-21, 0] e)V85 f) V1114

7) [614.36, 430.18]
8) [206.7, 75.2]

9) a) | b) |d| + IBI is greater

10)a) [—4,2] b) 32 units c) 13.8 units
11) ¢

6) a) [530.3, 530.33] b) [ 199, 80.5] ¢} [0, 450] d) [0, ~17] e) [1000, 0] f) [-80, O]
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| W2 - Dot Product
| MCV4U
: Jensen

1) Calculate the dot product for each pair.
a) b)

|b| =230
|| =145

gog g !&o(éS)wS(l'JO)
-3

= - 300 b < 145 (539) cos (IT)
= 399,76

2) Calculate the dot product for each pair of vectors. 8 is the angle between the vectors when they are placed

tail to tail.
‘|| =7, |¥]| =12, and 8=47° b) |$] =520, |f| = 745, and 6= 135°
.) —
2.7 = 7 o5 C47) St = 53(7u8)eg (!'35)
& 57,29 - -373933 {7

3) Calculate the dot product of each pair of vectors.

a)d=1[5,8),b=1[-2 1] b)¢=[-1,8],d=[3,-3]
2. = SeN ) Eod = -13)+%C-3)
: -7 = _27
¢) [=20-3], i =90 + 4] d)il=—60+7],3=31—-2f
-

[>T3,-3)  me= [-9,4] T=(-¢T) ¥ : (3 -7
- o = ~6(3 i
[. s :3(‘@ i (‘3)@!) Uey ( )“ 7 3~>

T -3

= = pi@



4) Decide whether the following expressions have meaning or not. If not, explain why.

a)i- (V- w) b) |1 - ¥ c) (- W) d) |i? e) U2 f) (@ - )2
No YeS Ves Yes NO Ye's
Com'y et octos Con + byl
Wil SC.No.r

Wctorg
5) Letd =[1, -2], b= [2, 5], and € = [4, —1]. Evaluate the following if possible. If not possible, explain why not

a)d-(b+07)

=[1,-37 '([1)3—) i [‘f)“_ﬂ - ([l)‘ﬂ ¥ bfﬂ) - ‘:‘f)-q
* L) 6,47 = [%3)-(%-0)

1(6) + (<N

T YR
T -2 et Ct

d) (3d + 2b) - (4d — b)

= (3012043 (,57) (40,4 - (3,5])
= (3,6 [q)\o])- (ry,-¢] - [1»52)
[7) Ll‘) i [‘1) "3]

b)(@+Db)-¢

¥

) @+b) (@+03)

= (U 35 (01,574 4,-17)

. {‘3)’5] ’ [6) ,
= 35 +3(-3)

o

- '- j/(zazéwc—(%}

e)d-b-¢ fla-b+d-¢é

Not possible. 003 s g e Oy -ale [4,-1
%6 1% o Scodor. = 1) v (US) + L)+ (-2)()
Ny do € with o slar. =T

g) 4B - (—28) hKd + B)- g
4 fa,5) - (-304,-7) = (-0 (257 (9,-
* [%:36) [-4,2) * 03,3004
= %(-¥) + 20 (3 P e

= -0y =1



6) Determine a value of t sothat =[9, t] and ¥ = [-16, t] are perpendicular.
- =D .
< pesp encticular )y UV T QA

Cq)t]° E(()t] =G
JGE)t L) - o

-(1 = N‘{
= i
7) Find a vector that is perpendicular to @ = [3,—1]. Verify that the vectors are perpendicular.
p 2o e ; Yorteld -
o = [;_5) "(l L = {‘7 )K] B - T
5 o ) [3.- 1)
d) M 6‘ < 0 =9 B
Y+ D)y O = -1
3¢ )*‘ 1) - _' C\m\gxz 1 SIEYON
k=(5 ~ —— L E')_))'} l1I
L [6) \g Qeck, (1537 . 03.-1]
j o T 3x(-3)

e =0
8) Which of the following is a right-angled triangle? Identify the right angle in that triangle.

e AABCfor A(3,1), B(—2,3), and C(5,6)
o ASTU for S(4,6), T(—3,7), and U(—5, —4)

-)
A= (5,3 5= (7,07
8¢ = (7,3 ] -
A 1[1,‘5] iﬁi = [‘?)-lo‘_]
W = (2 -1
) .
AR « B¢ =-S5+ a(3) =30 71"
B - ae =50 t2s) 20 ST SR - T 1) 2 53
o R)B orh j"é ae perpencicpal . SF.oTo = SN R < S
LA = 90° 2.Tu @ -9@) + (o) = R
& NOT 1 t‘i%\';’ “'rimg\‘g‘
ANSWER KEY:

1)a) —3900 b) 31892.76

2)a) 57.28 b)-273 933.16

3)a)—2 b)-27 ¢)—-30 d)-32
‘a) no, you cannot dot a vector with a scalar b) yes c) yes d} yes e) no, you cannot multiply vectors f) yes
4a)—2 b) 9 c) 6 d) —38 e) not possible- you cannot dot a vector with a scalar f) =2 g) —24 h) 9

6) t=12,-12

7) Answers may vary: [—1, —3], [1, 3], check using the dot product

8) AABC is a right triangle; the right angle is ZBAC




W3 .= Applications of the Dot Prodiict Unit 5
MCV4U
Jensen

a)F=[3-2),3=[18] b) F =[8,-9], 5 = [-3, 7]
W= F-g w= %) FR)(T)

2 3 + (D)
27 Scules
2 3 Touwes owies

2) Determine the work done by the force ﬁ, in Newtons, for each object moving along .

a) b)
|F|=25
<
26°
|5]=1.9
= . -) r-.)
- Wz §-
-3
W= | FHslcos(n) W < FHs\c@s(?@
2 45(33) ces(37) W2 2.5 (19) cos(26)
' 836.59 Sedde 5 w2 Y7 Towles
3) Determine the angle between the vectors in each pair.
a)p=1{6,7]and 4 =3, 2] b)7 =[-1,-7] and § =[5, 4] ~ o\
Cor®% 12 CS0: P .3 1\5 Q= 136,19
4 _‘_._....- = I YD /
{' 3 —o | ke —_— -
1 Plaz sl , e
Ces@ = LN +TR) \ ] _ (ene '__',(f."i_(—-————f*—
__—-_-__F;?::I-— ,'J Jor e m J
Cos - ,:;—J-:-—_—f e ._-"'/.. CesS@ < :_—3_3__,
4) Determlne the projection of the first vector on the second. o J‘fﬁ
a)d=[6-1,b= = [3,-4] b)E=1(6,7),d=1[3 2]
- -
'-ﬁ? = Gxnl:? (5) PTD)AC - ¢ d
preye & = 5 (6) T
= 6(3) v (-4) (3,- (ﬂ - LBV T [7)),;_)
—; Y (- Lﬂ 31 "_a:.L
= 'f'_a; - 3
hrg \'FE:E —%% - ﬁ 6(,

25 )—9?%— 3 )=



5) Determine the projection of # on ¥

a) b) c) A

[]=7 |#]=20

|#|=9
Y ) - A :I_T,,_
p:—o'bawu = W 0 (C) meu:(u\ 59 (V) lu|_12
= (OCOS(ﬁ) 0 B 7(_95 (l\O)V =
~ 9.06v Iod '330(0

6) For each of the following, find the magnitude of the projection of X on § and also the vector projection of ¥ on .

a)#=[11],7 =[1,—1] b) % = [2,5], 7 = [-5,12]
- =)
i 2| = 73 Il Rd )
gl g hj[
= [ ¥ G T 2(-5) b o) : _3
. ir——————5 z % (5
| \l\‘ﬁ(—ﬂ} u"(‘ﬂ?‘*’(l}\,} 3 ( & )
< O - 5 -
X y ' % i (g% = -5
fmﬁqx - O({
et /’-3930 oo
-3 i) [N
s) L1t 149

7) ADEF has vertices D( -3, 5), E(2, 3), and F(6, 7). Calculate ZDEF.

-3 -

-
€D = [-5,27) s = ER-ET

. 1D 1EF|
=144
a c0se = -5+ ()

() (33)

Cos© = :_‘3;_

Rz
6~ 113.3




Ny )
8) How much work is doné" by the orderly pushing an 85 kg person up a 5 m ramp inclined at an angle of 15° to the

horizontal?
T w692 BN ~
w= 6'? ? l{.’:?'j 2 A
We ¥53 (9 cos (15) o
We 107199 N
)

9} A stage lamp is dragged 15 m along level ground by a 120 N force applied at an angle of 35° to the ground. It is then
dragged up a 12m ramp onto a stage by the same force. If the ramp is inclined at 15° to the ground. Find the total
work done.

W = 130 (18)@3(35%) + no () o5 (30°)
TV o Q.67 63 S

10) A box on a wagon pulled a distance of 35 m by a 27 N force applied at an angle of 40° to the ground. The box is then
lifted a distance of 1.5 m and placed on a table by exerting a force of 37 N. Find the total work done.

Wz 2739 @5040%) £ 37 (49 (0)

W2 T1hY D

ANSWER KEY

1)a)-13 b)-87

2)a) 826.58 b) 4.269

3)a) 6=15.7° b) 6= 136.8°

4)a) [2.64,-3.52] b) [7.38, 4.92]
5)a) 9.1% b) —2.40 ¢)0

6) magnitude = 0, vector projection: 0 b) magnitude = %, vector projection: [:I%?’%]
7) 113.2°

8) 1077.98 ]

9) 2865.4 |

10) 779.4 )




! W4 — Vectors in 3-Space
MCvV4U

]
I
' Jlensen

1) Draw the position vectors.

a) [-2, 3, 4]

7
z
&
5
4
a 5,
o 32
7 5
= -7 2o
s 4 (8 e
TTeleg®
P D=
2 e N
g S ——
ol 2 )
-
9 A
- ET N S
X i J
s Ve Zi
-4

2) Express each vector as the sum of i, j and k.

a)[2,-1,7]

3) Express each vector in the form [aq, b, c].
a) 31— 47 + 5k

- [37"1)5’]

c)-8i+9j -4k

= [_%)q)’%]

b) [2, -3, 1]

B,
K 1
S8 5’ il
1,”
¢ = A 5
5 %W i
. 1.~ -2
"
- a
X

b)[-4, -6, 5]

= TTi-6y 5K

b) 21 + 3k
- E})O) 3)

d)-8j — 7k

- [O)_cg)_

4) Draw vector AB joining each pair of points. Then write the vector in the form [a, b, c].

a)A(2,-1,7)and B(0, 2, 1)

7
/ i* z
X 6
\ s
Ny
b
A 5
. 5>
X \ L
o a2t
S o
LA T
g e
_ r‘./.l)"‘,-h‘ VE-2. 4 4
3 - - J "---'._‘.
82 o e
u}/ = &
9 B r
X
-4

b) A(0, -4, =2) and B(-3, -1, 0)

- o
gl
g 1]
A 52 e
e,;/ s
8 }/ = y
8, 3
X
-4




5) Draw each position vector. Then find its magnitude.

a) [—1,5—2]

s
Magnitude < m W2y

EX

Q\

b) [~2,0,4]
A ,E_z..".m.: _-J 3
9/j _;
Masf\H'uOKQ/ <~ J&l v

= Jro
z aJ%

6) Find a and b such that i = [a, 3,6] and ¥ = [—8,12, b] are collinear.

14

¢ (_3 .

7) Draw the vector AB joining each pair of points. Write the vector in the form [x, y, z]. Then determine the

exact magnitude of the vector.

a) A(2,1,3) and B(5,7,1)

z
i
8
4
%
A. ke
2 ﬁ\ e
3 5
<2 8
S o a2
E A oD
—~—— '*.—&}fs .‘\\
3.3 = O
g4 - o—E s
7 5 2 -
2 8
x
-~

l\_é - [_—5 7(6> "l’]
A2\ = Jardg +co)
\AR 1=

Tt og-uk

6= (k)

e — \

.[, a4\

b) A(3, —4,1) and B(6, —1,5)

i
:‘rg,

/!
[F Y
£

&
o
-.m 1
ol .
" 1.
o 8
C M|
S
T
Il
fra
I
|
fou
|
h
{

\

fu
A G b 2\g - v w s 0a N

»

=L3,3, Lf]
1A\ = TGP (3P e
A3\ = 03



8) Evaluate each given the vectors da=[-2, 1, 8], b= [3,1,-2],and ¢ =[2, -3, 4].

a) 3b b)b— ¢ c) 23 -3¢ +4b
=3(2,,-2) *(5,1,9) - B,34) PE0ng)3(a 30 )
) : = [-%%,1€)-[6,-9,1) ¢[
- [q)‘g)-@—} [()H}—Q] - . e [ll‘()'ﬂj
{-loJ u, LQ + [ll,l{) _%j
A [&) 5,-4)
d)(d@+b)—(d+) b

e)b-

(pYA

fla-b—2-b

= ({-1,1,%} B,lﬂ]) '(E'M“] (a3 L@ = 3@)% () 4 (-1)(‘{) G+ W)+ ¥(-P) - (—5)

< 16~y = -CHl-1ct5S
[\,'l)Q—)*ED)-;,D:) 673-% N
i = -5 - "’\6
B [\)L{)'Q_] '
|
Let&=3i—2j+4l?,B=7i+4j—l§anc§5=—2€+5j+91?.

a)(@+b)-¢

(Gt ,0) « fas 4]

b) 24 - (4b — 30)

al3,-241 - (4674, -3[-1,5,1')3
64,97 - B3Y4,1,-31)
= Uoya,3] - [a,5)9 L&) Iy
1 °% j [ 5) -J - 6(3%‘)4((-(_”(0 +?('3')
2 163+ 305) v 3(q)

-

- -4
N “7

\

-

o

10) Determine the values of k such that 4 and ¥ are orthogonal.

a)i=[2,k —1]and ¥ =3, -2, 7]

b) i =[-3,1, k]l and ¥ = [4, =k, k]
G-V 0 R.J =0
A KED)T D) =0 3 () + V(K +k (k) = ©
6-2K-7=0 (L-K +*= 0
-3k < | K-k -13.=0
(=1 (k-D(k*3) =0
[ > 1

N

) ked k=D



11) Find a vector orthogonal to each vector.

a)[2,-1,7] b) [8, -3, 4]

[0,7,1) [04,3)

12) Consider the vectors U = [3, =5, 8] and ¥ = [3, 1, -2].

a) Find 1 - ¥. b) Calculate the angle between 4 and 7.

= 33) + (N ¥ ees ‘__\jf_,_ﬂﬁ
: -1 (7% )(JY )
) = |o<$.€f°

13) Determine the projection of @ on b.

a)d=[2,1,-3]and b =[1, 7, 6]

2 N (3YE) =

Py o = 1_‘9_1‘}_1*,’—;’—— (hy7,6) Preyp® = 2@ 9C0 () '
39 (T R S [3,-
W3 (" + (6) (s a () L )\]

o\

-
- [‘ 7)€
w L] = %—[1,-:,\]

- -63 37
e e’ - '3 3
L6 96/ ‘rs] = (3, 5)’93

14) The initial point of vector CD = [2,-9,1]is C(—3,2,2) determine the coordinates of D.

R

K- (-3)z *& YWa=-9 2-2.= |

4(*3 S ‘6: ‘_7 -%:3
2= ")

\\ D(-1,-7, —51

b)d=[3,4,7]and b =2, -1, 1] formula



\ =
4
15) Find 2 unit vectors that are parallel to d = [9,—7, 2]. A

i S
2\l = Jareema?

131 = dy

T UAY goyors, oy e

l) - q
‘ —‘-/ =L ‘_7_ A — [q,,% :[;, 1 _-_2__
) m‘[q"ﬂ’n [ ®E) & e &

16) A triangle has vertices at the points D = (3,—2,—3), E(7,0,1) and F(1, 2,1). What type of triangle is A
DEF? Explain.

)

D
B

[Y,2,4] 1ot | = 6 ,
(2,4,4) I®1= 6 I so5ce\es

fr=[-63,0) €)= o -afe

W

—>
e - OF - D)+ 3y +uty) = (6

Y

o €
= =

B = a0 ¢ Y)Y () = 2O

4(-6) + a3yt UY(o) = -30 No Ry ongles.



ANSWER KEY:

1.a) b) 2.2)2i~j+7k b)-4i-6j+5k
‘ N 3.a)[3,-4,5] b)[2,0,3] c)[-8,9,-4] d)[0,-8,-7]
i 4.a)[-2, 3,-8] b) [-3, 3, 2]
/."/ i A I - i ]
| : | .;i ....... | ' N

ARy d ,/);
i
5)a) V30 b) 25 ! !

6)a=—-2,b=24

7)a) [3,6,—2],7 b)[3,3.4], V34

8) a) [9, 3,-6] b)[1,4,-6] c)[2,15,-4]d)[1,4,-6] e)-S f)-16

9)a)17 b) ¥ - '

10)a) k=-0.5 b)k=4,k=-3

11)a) [4, 8, 0] b) [1,0,-2]

12)a)-12 b) 108.9° & W

13)a) [-0.10, -0.73, -0.63] b) [3, —1.5, 1.5]

14) D(-1,-7,3)
9 7 2 9 7 2

1) s~ Ve v 2 v T~ o)

16) This is a non-right isosceles triangle because 2 sides of the triangle are the same length but no 2 vectors that make up the sides of the

triangle dot to 0, this tells us there are no perpendicular vectors and therefore no right angles.
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! W5 =CrossiProduct of Vectors Unit5 !
' MCVAU !
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! I

Jensen SoluTnla NS !
1) Determine U X .
a) b)
' i =17
23 = (150593 5e05] ¢ 8)
- -3IT1.50 BxT = (M) 5nG7)) R
. = - 1.9n
a%  33T7.5 inte e poge - of. w49 iV\*O\'\-‘LP"%L
c)i=1[2,-1,7],%=1[2 1, 3] d)u=[-3,4,7],V=[4,3,-5]
Uy Uy v, iy V3
Y 3
-\ ) |
X, X R

973
1><L -ZX‘{
4% s 3

B = (469 16) 760~ (35), 363) - e
Ix3 = (1) -0, T6) - 96), 30y - (0] _

) | = [-41,12, - 25
- ['\07%)""] ) ]
e) u=3i+4j—k v=50+f—2k fl)i=20—3j+7k v=—-i+]

:[—5)"‘)'1—1 = [5)'7'3.] :[31-3)7‘1 = [‘!)‘)0]
H A ET

> L%

P 377
4 \ |

. | 2T = [0 T, N - 266 au)vc-ﬂ(-ﬂ
WXV = [‘l(’&)«(-n(‘)) 15)-362) 30~ vcsﬂ o [ > K ’
P

= [-7, ,-17] " )- !3



2) Find a vector perpendicular to each of the following pairs of vectors. Use the dot product to check your

answer.
a)[5,0,1] and [-2, 5, 8] b) [1, 4, -2] and [-4, 9, 0]
5 ¥ 9
V2 S0
G2 13-4
o5 L4r9q
[6®) - U5), 1)~ 566) 55) -6 (=) [4&) -0 -3 =109, 1) - ‘((-u)}
[-5,-43,35) = [1%,%,25)
[-5,-4,25]+(5,0,1 ]2 -25+0 F25=0 [1%%,95). [14,0) = 19422 -5G = ©
[- 5, "1, 941 (-3,5,¢) = 10 -310*300=0 [1%,%,35 ) « F44,0)2-73¥7%+0= O
do [‘5,"‘(1,15] \% or"\kc%or@) +o b"‘*\' gw D%)i)}s—l 'ls qr’\\noﬂol\od +d ‘05"5‘\6\
3) Find a unit vector perpendicular to d=[6, —2, —3] and b= [5, 1, -4].
=
o 5 b ‘
<3 l Wn Y vedor - 2xL
3%’ Y 1258 £ ) ]
Yol ,
-a/i.,! © o= Luaie)
xb < [a(—q) (%Xﬂ 3(8) = 604, 6= ¢ 9365)] S (a4 7
= 2 ) T2z |
s L\ 1 IG_B i e iz J

[@x8 | = Jugs

4) Given d = [1,-2, 1] =[2, 2, -1] and ¢ = [2, -3, —4], evaluate each of the following:

a)dx (bx&) b) (@xb)x¢
= 3 o \
E)x.z & x (bxc) \ it i-l"r) e« 2
‘ L - -1 ) -3
2 e -3 7 :
_l)g-"f -i)g) -10 _!>>€" Q)i N
!
i VS e R
% P e e
-3 T 6
) oxB 2 [0 - (D@, -1)- 1) (@) - ()5
G'XZ B} l(‘q) _(_0(_3)),'(7‘) _;(_q) ) 1(:’7.;) J(a’;) ([ ) ) ) )7‘( ) ) \)]
L‘l ) ]
(v, 6, -t0] T B®)R
20 (22) = Lo <000 e (i 10 )] 7 L0 -6, €040 . o]

- I =/32,8%, -
= [26Al,-10) [33,4%, -10]


trevorjensen
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c)dxZ—dxb
- -
a %

-3 -3

g <

25
X3

X

gy -

9

2: han g:[3,,40 27 R&.-3,-4)

232 = [Facuy- (IED,EX) -1, 1(-3) -;1(4\‘]

- [52,1])
a*? = [H,'l',(:/x

(B*T)~ @E) = [1,3 -5]
e)(@x2)-b
~ 2 ot ES)l)lj

s oy D -

(& x 3} b o2 fg)&)\ ’\.E;,})-l]
= 5@y rd @)+ 1)
= 13

g) |Ei><5|

= ("’)1%-!)9\-(6): -

[LEE El(—!’a-) - G, () - 2619) 3¢-T) - ;(s):)

- [—%’3) |$7‘36’J

fl(@xhb) &

= ["{) -hC.] ° [3, -‘;)-q]

U3 ¢ (U3 G(4)
,lg

v\

hfi x (5 - )
b2 - ED)G‘VI'J l [ Q),’g)‘L{]
- [O)€)3]

o ox (B-2)
Y 5
=i \/-.ag
<<
e

-

a w(E—Z) = (-39 - (-1)(5),-16) - 13y, |(5) - (-:z)(o)J

) D‘) '3>5]



5) Use the cross product to determine the angles between the vectors d = [2, 1, —3] and b= [5, -4, 3]. Consider
ambiguous case. Use dot product to confirm or use graphing software to inspect.

sino - [2<E] 5oz B-b 3o« ®
> o Y]
e 21T 1<,
oA
SMO > m COSG - 1(5).\. ‘C’(‘(')'\ (_-s‘)a‘) J /\//H-j{ g('{
——— 1 ~ o
(RS W5 )
o FA [u(—;,).. (X)), -35) - 203) A(4) - us)_}
e 83.5 cs@= =3 .
_,.e' o JTae axt = [-‘?)—;U)-B]
B & SO .
- 96.5° er %.‘3

|
. = wer il ws) Aﬁf rec{i ‘.
6) Determine the area of &PQR Wlth vertlces of P(3,-2,7), Q(2, 2,-3),and R(1, 1, 2).

q =, S
/\ " = ) = (1)F) A0 = (D9) -v('s')-\{(-a)]
/__/ ) \’9.' [-l,q)-lo') PQ % Pk [l:fs) = 13);
PR o - : ‘23 (10,15 ,5)
PR = ['l)—’)) 5] -Itc//j‘,

Ao o dban= L |RxFR| = i 350

= L (5)Ji™
2 2
T P ':3' .J 'lLt \,I'-H-S (g‘}_[r.') C-{fJ_i'}:} fo" i'*fv )

7) Determine the drea of the parallelogram ABCD defined by the vertices A(2958), B(<2=5-8), C(#8&), and
D(45=877).(%4-%)

g, A8 = (-6,-1,4) A& x Ab = [AL0~ 405) u(6) - €6Xe1) - 665) ~(-1)(6))
/ — C ’
) - -l 35 .
A AD : [6)5) \) ({}j-,"[ = [-—[ﬁ’)l"'(ﬂ)—_lf-:’]
-DD -:'l,>£ £
-1 75

Area = \AB xA—ﬁ\-—f/ l%l Uniks’

ANSWER KEY:
‘1)a) —3377.57 or 3377.5 in to the page b)—84.97 or 84.9in tothe, page c] [-10,8,4] d) [-41, 13, ~25] e) 7,1, -17) ) (-7, -7, 1]

2)a) [—5 =42, 25] b) [18, 8, 25]
3) m{u 9, 16] :
- 4)a) 26,21,-16] b) (22,28, 10] ) {1, 3, 51 ) [-33,18,-30] &) 13 )13 ) V5T ) (35
5) 96.5°
6) 2.5 V% units? 5
7) V@SSt | TS0 e
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. W6 — Applications of Dot and Cross Product Unit 5
' MCVAU
]
]

Jensen Sol ((TloV 5
1) Given @ = [2, 4, -5], b= [~1, 3, 7], and ¢ = [-2, 7, 3], evaluate each expression.
a)dxb-é b)dxé-b
2xB 2 [uen - o), -50-367) 2= () 6 xZ = {‘f(%)-(-ﬂ‘?))-sva)-m) LN - 4¢-3)
Yy 3 = - B Y 37
-ﬂ,}f;? - [tf 52,-7, l()—-}- _6><3 g < [q77 Y, 3«?}]
225 3)5—'—}
rJ - L )3 _I,
& 2 2 B e ¥ 1 I
axh ¢ 'L"ﬁ"‘ Uu\"»“-n{",r = [ L{'})’J [
: 2x2-T = [4t2)" (1,37
S DD Y 003 o xC ) 12) ]
T YT7(-0) « H(3) $+33C7)
-1 - 19
2)D h d de of U
) Determine the projection, and its magnitude of 1 on v_ E“) 6)5-] :J_% a, _]
a)u=[2,1,7],v=[-7, 2, 6] b)-u—7l—6]+5k 13’=3€ 2+
2.0 , d
Pm\\?u - __—______ (-') Pm\' ’_) (\f)
eV 77
= ADIMLTE) [7 2, q < 7_‘_% [3 -3, \]
' N (3\ v(-ay O
¢y -
= 30 - .-.5_?-& ’7' ‘:'l)’»l
- 29 ['7]3‘14’3 iy ' ’
loei ¥ | = 22 759~ = 29 N T oL
AR DRI lpred®) - I = =
3) Determine the work done in the direction of travel.
a) F = [200, 150, 75], § = [2, -1, 8] b) F = —3i{49j + 5k, § = 2i+5j + 3k
- = ["’) 9 61 & C&)S)%
Wi .5 ) )
W = 3000 H150(-NFT15(8) W]
W= 950 3. W= =303 v A(5) +5(3)
Wz 84 3



4) Find the area of the parallelogram with sides consisting of the vectors.

a)d=[-4,5-8],b=[1,-2,3] b)@=19,-5,7],b=3,-2,5]
- -
(}x Eﬁ = 15D = e, SH0 = CUE), E0R 5(0] B = Loy, 209) -1¢5),4¢-2) - (-5) 3)]
2" T r o S
;)ég [-1,4,3) L 3 [y Y, -3)
B T 3
5 °¢ -5 -
AM-_ ‘a))l—g)l :.,.r -D-Lé U/\H’S’l A!Ca‘-‘- 'ax?[ '-J?ZZ—L&,\HS:L

5) Find the area of the triangle with the given vertices.

g a) A0, 2, 4), B(3,-2, 1), C(4, -2, 5) b) A(-2, 4, 5), B(1, 4, 2), C(7, 4, 9)

f E ;E = [—5 J'L,)’z] AC= [q)«H) r] Ké : [3)07 -3] A-é = fq)O) L{]
A c

‘2 z [o(q) -(-3)(0) )-3@),*3((4))3107-’ qu)}

- - i3
A % AC AR x A
- -t o O < - o
33 t{ =Y (o,-73%, )
338 3 9
‘fo-tl o d
> o ). -300) - 4y u) W] g
gxAc = (s - (3] ,-304) -3¢0, 3(C 'l - 2
Ag [ ’ Asea %_\AQXAC\‘.‘/Q(_%Q)
< C‘le7—l6)l{]
Area = £ | A x el - ’J‘T‘i—:]— untg Y ¥s
> 3Vt oL
6) Determine the volume of the parallelepiped determined by the vectors.
a)d=[2,5-8],b=[7,-2,3],and 2 =8, 2, -1] b)d=1[1,-5,9],b=[3,4,-7],and 2 =[1, 0, 2]
T [gm - CHER), ¢l <A, A - 5(7)] A xB = [-5m200, U3)~ 167 1) - c-s){s)]
N 54
i»ﬁj - [1,-62,-39) 9 -7 T LE1L34,19]
% = 2
o |3
‘"»g’—" "5 4
57 72 | 5
s P2 Uoiuwa/’e}a*g"c /
Volumst 3\‘1*5 C ‘
;l['\;‘é&{Bq—j" Eq)a)”\] \ - }['{J’}qlmj"[l)@))?;] /
;‘— V) ¥ (6D@)+ (—’3‘1)(-0‘ :!-[ () +34(0) + 19 () |

- |-93) 2 57 wntbs?

= q 3 Qr\H‘SB



7) Find the torque produced by a cyclist exerting a force of 85 N on the pedal in the position shown in the
diagram, if the shaft of the petal is 11 cm long.

P -
[ = ¥xF
N 20° / _(——:ﬂ,;:”r‘:’l 5'\"\6] (_Q)
387

N7 “{:’ :[OQH ((5) s 1051(— 2)
11cm N T: - 6{403 :\\ A/‘M
9032 Memn in to Ha bike .

~i
-

3s¢

8) A woman pushes her baby stroller a distance of 1500 m by a force of 89 N applied at an angle of 35° to the
roadway. Calculate the work done.

130
ol |$0 O
" .2,5-13 Q/)
o 'l(—i\ - > * Y
\ 3’ | = 1509 - ¥l
S
W= F.s

W = ¥ (1500) e5(35)
w2 109 356.% Noan

9) Determine the work done by gravity in causing a 45 kg child to slide down a 55 m slope, which has an angle
of 47° to the horizontal.

we Fes
WE ‘WHGS) s (43)
W = |7 73892 N.m

-

7
- 44|




10) A force of 75 N is applied to a wrench in a clockwise direction at 52° to the handle, 17 cm from the centre
of the bolt.

a) Calculate the magnitude of the torque.
L2

\§ T %%

i} 3 e N m: IF) /?Ism@

EN 7] = 1075 sin (52
NG JTI 21005 Neamn

b) In what direction does the bolt move?

In Yo R Mavs\o\\

ANSWER KEY:

1.a)-119 b) 119

2.8) 5726k BTB-21 2
3.2)850) b)54]

4. a)\/26 units? b) ¥706 units?

5.a) —i—mﬁs? b) % units?

6. a) 93 units® b) 37 units?

7.9.03 Nem

8.109 356.81

9.17738.981)

10. a) 10.05 N=m b) The bolt is being tightened into the material






