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Gradell Advanced 2022/2023 Khalifa Bin Zayed School

7-1: Introduction to Vectors Page 410 — page 418

Definition: A vector is a quantity that has both magnitude and direction

Ex1: State, whether each quantity described, is a vector quantity or a scalar quantity.

a. A boat traveling at 15 kilometers per hour

S caloar

b. A hiker walking 25 paces due west

\e< Ky v
c. A person’s weight on a bathroom scale ‘
\C KRS

=y
d. Acar traveling 60 kilometers per hour‘lS‘ east Lf south

\Jec tor

e. A parachutist falling straight down at 20.2 kilometers per hour
-—-._-_.--l-_
\ec kv~

f. A child pulling a sled with a force of

Note: A vector can be represented geometrically by an arrow that shows magnitude and direction. The vector is in

standard position if the initial point is at t@he direction of the vector is the directed angle between the

vector and the horizontal line that could be used to represent the positive x-axis.
terminal point

ortip
* The length of the line segment represents and is proportional to, the magnitude of o8
a
the vector.
A initial point
or tail
Y
*g
a
A '-\ 351- .
OI X
1em:5ftfs
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S 2 5"E N2SE

25 W

ment between 0° and 90" east or west of the north-south

S 35
guadrant bearing ¢, of phi, is a dlrectlonal measure

line. The quadrant bearing of vector v shown is 35" east of south or southeast, written 535°E.

*@a directional measurement where the angle is measureoTrue bearings
are always given usinE three digits. %, a directign tha pasures 25° clockwise from north would be written as a

true bearing of 025°.

Note: If the type of bearing is not mentioned that means it's a true bearing.

e o)

W .
3= %'Sage

S*‘w

Ex2: Use a‘ruler and a protractor to draw an arrow diagram for each quantity described. Include a scale on each

wi

diagram.

1) t = 20 meters per second at a bearing fy
—
(lcwm = lomls 5

RN
e
2) u = 15 kilometers per hour at a bearing of $25°E 4
U =ISkm|h
I

@.—: 1% %

0=185-25 =155" 2

i
*

3) m = 60 Newtons of force at 80° to the horizontal m %R
-

=20 N

| Can
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' Parallel me or opposile

direction bul nol necessarily Lhe same
magnitude. In the figure,a || b c| e £

Equivalént vectors have Lhe game magnilude
and direction. In TheTigure, a = ¢ because they
have Lhe same magnilude and direction. Nolice
thal a # b, since |a| # |b|, and a # d, since a
and d do nol have Lhe same direction.

Oppo@:rm:tme magnilude bul opposile

direclion. The veclor opposile a js wrillen
—a. In the figure, e = —a.

KeyConcept Finding Resultants

Triangle Method (Tip-to-Tail)

L

Totind the resultant of a and b,
tolow these steps

6USOGEE

EIE Transiate b so that
the tall 01 b touches
Q_ the tip of a a b
B the resuitant is the a+h

vector from the tail
ofa tothetip of b.

//t.me/+CbbW8nb
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Parallelogram Method (Tail-to-Tail)

\ /
EXE] mrensiate b so that the tai

of b touches the tailof & b

To find the resultant of a and b,
foliow these steps

T Complete the parallelogram
that has a and b as two of .
s sides.

The resultant i the vector
that forms the indicated
diagonal of the paralielogram

t3: Find the resultant of each pair of vectors using either the triangle or parallelogram method. State
1e magnitude of the resultant to the nearest centimeter and its direction relative to the horizontal.
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C. PINBALL A pinball is struck by flipper and is sent 310° at a velocity of 7 centimeters per second.The

ball then bounces off of a bumper and heac@ 055° ;t a velocity of 4 centimeters per second. Find the
resulting direction and velocity of the pinball.
A

o \N

Notes:
=

*The sum of two opposite vectors the result is the zero vector denoted by ()

*Tofind P — ¢, add the opposite of q to p Thatis p—¢ = p+(—q)

KeyConcept Multiplying Vectors by a Scalar

If a vector v is multiplied by a real number scalar k, the scalar multiple k v has a magnitude of |k| |v|. Its direction is
determined by the sign of k.

& |f k > 0, kv has the same direction as v.

® |f k < 0, kv has the opposite direction as v.

Ce
,.B‘
Ex4: Draw a vector diagram of each expression.

A a—c+2 B. m—lp

~Q

PO A

RV
3 P
a C

3 g

ki
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Ex5: Ali rows d a speed of 3.5 feet per second across a river directly toward the opposite bank. At the

same time, the current of the river is carrying him due south at a rate of 2 feet per second. Find Ali’s speed and

direction relative to the shore. N

e J(‘s-‘s)"-q. (2)%

= \‘ 16.1"5 t.o)ﬁq) -_Wg.e, 20¢/s
x4.08 fess QJ :(39_5)
= fon S

l = 60.25°

i< di"ﬁt’riaﬁ =S 60:25 E s

‘ ¢ 60.2S :“q?s
Or Taue olwc:;_ = 1§2+z Fs=19-F5 7

Ex6: LAWN CARE Hala is pushing the handle of a lawn mower
with a force of 450 newtons at an angle of 56° with the

ground.

a. Draw a diagram that shows the resolution of the force

that Hala exerts into itd rectangular mmponen9

b. Eind the magnitudes of the horizontal and vertical components of the force.

Y= UsS Qasse =251-6 N
h:qso‘ Sl g SREN) N
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FOOTBALL A plaver kicks a football so that it lcaves the ground with a velocity of 44 feet per
second at an angle of 33° with the ground.

W= Uy Cos 2= 369

A. Draw a diagram that shows the resolution of this force into its rectangular components.

B. Find the magnitude of the horizontal and vertical components of the velocity.
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Page 420 — page 427

7-2: Vectors in the Coordinate Plane

KeyConcept Component Form of a Vector

The component form of a vector AB with initial point
Alxy, ) and terminal point B(x, y) is given by

{J!'z = X].y_g —',f-l)

Alx,, y,)

Ex1: Find the component form of AB with the given initial and terminal points.

/ﬂ A(=2, =7), B(6, 1) B. A0, 8), B(—9, —3)
4
B <6 -2), I -—(—*?D AB = ‘_/__q_ D/ _3_z)>

\ =l <M 4[{\6!‘\1 i L W
\r(: ;ﬁi’l:\h-@‘w-m‘*

l AR 2\[ -2 + Q-
= o2
e SER

r"—-\
RV
W3

\I

-
—
—

KeyConcept Magnitude of a Vector in the Coordinate Plane

If v is a vector with initial point (x , ;) and terminal point
{x 5. y;).then the magnitude of v is given by

vl =V b, —x)2 + (1 — ¥y’

If v has a component form of (g, b), then |v| = Vo? + b? (xy, y,)

Ex2: Find the magnitude uth the given initial and terminal points.
A A(-2,-7),B(6, 1) BA B. A(0, 8), B(—9, —3)

%T&:(-Z-G,'?-\>
= L KD
\-éa)ﬁ\\:\{ GaY +Can

-
-—
—
-

o

\lg
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KeyConcept Vector Operations

ifa= (o, 0,) and b= (b, b,) are vectors and k is a scalar, then the following are true.
- - - o
Vector Addition a+b=(q+b,0,+by)
Vector Subtraction a—b={(q—b, 0, —by)

Scalar Multiplication ka= {ka, kaz)
—

Ex3: Find each of the following for w= (—4, 1), vy = (2, 5), and z = (-3, 0).

A. 4w+ B. —3w C 2w+dy—z
S\ 2-3L-4,1

AL 3,05 gy, | = 9 (U, 44 L2577
= g, Qlpasciue = &-$,27+ L 8,2004%%

= L )
t<-.lq_,l-\>_ < ’ 7

@ vector that has a magnitude of s called a unit vecto or

Exa: Find a unit vector with the same direction as the given vector.
A. w=(6,-2)
i
| W\
b= | (6 + 2

=\ =2V1g
a :<é G :Q‘__

o
>

S

o
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Note2: The unit vector in the positive direction of the x-axis isl = (l,O) fand the unit vector in the positive

direction of the y-axis i . Yectors { and j are called standard unit vectors. These vectors can

be used to express any vecror v = (a, b) as gi + bj

e’

Ex5: Le the vector with the given initial and terminal points. WriteE as

combination of the vectors i and j.

A. D(—6,0), E2, 5) B. D(—3,—8),E(—7 1)
—

D‘?; :<l—(-€>, ‘3—°> DE—_<-?_(-7;;., \-—(—zb>

- . :

OF = R A5 = Hie R Bl PR
==Y+

Note3: The component form of the vector v with magnitude M and direction angle & is

[v = <|v’cos€,|v|sin9> k

Ex6: Find the component form of v with the given magnitude and direction angle

A. B. |v| =24, 6 =210°

\ ‘_< R CoHYS ,'B‘S-inH‘%> Y= <?.l1 Goos2lo 5 LY Fiadlg
:ﬁiggiv%g;> -1<Q41J§,-qg>
e S |

8 |o

Noted: The direction angle of a vector v = (a,b} can be found by solving the trigonometric equatic{ tan@ =

L

2

Ex7: Find the direction angle of each vector to the nearest tenth of o«
N= ai+ b} —— A

B- 46 ’ B. (—3, —8)

A. —6i + 2j g4 . , —0)
O.=-6 l :\""‘%,q t?” 9_—: -_-—_&

\-3-:1 \ = iy R
tﬂng‘-‘i; 8_.&’% (T)

0=tw' () | Lo cquqlgp 26y
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] D. r = (4, —5)

tam® = & tan® = =2

Ex8: A goalkeeper run g forward at 5 meters per second throws a ball with a velocity of 25 meters per
second at an angle n@ ith the horizontal. What is the resultant speed and direction of the pass?

3\
g = 25 CosY40,2% ¥in 16D
\tJ/ Vg-( lqij ]_6‘.{>

SSRLLH T

;
h

L <5%50,59§'ﬂ0>

=V 4V,
i :(5,0>_t<\°]:2_,\6">
= O WY

l“l"‘\[ QuaY +0as =29 mls

(‘G"\ 3.

10

3?:') G - l’:ﬁ‘;r<-:—:-.3—):308:

7_
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Page 428 — page 437

7-3: Dot Products and Vector Projections

KeyConcept Dot Product of Vectors in a Plane

The dot productontih = (by. by) i]deﬁned asasb=ab,+ab,
L — S ——

KeyConcept Orthogonal Vectors

The vectors a and b are orthogonal if and only |

Note: the zero vector (0,0) is orthogonal to any vector a.

Ex1: Find the dot product of u and v. Then determine if u and v are orthogonal.

a, e 0% b'l- h— B
A. u=(3,-2),v=(-51) B. u=(-2 =3),v=(9, —6)
UV =(3)E9) +¢D) UV = (2)@) + (3)(=€)
= 1 =9

U =13

KeyConcept Properties of the Dot Product

If u, v, and w are vectors and k is a scalar, then the following properties hold.

Commutative Property UsV=Vveu l/
Distributive Property UelvE+w=usv+uew {.//
Scalar Multiplication Property kiuesvi=kusv=uskv /
Zero Vector Dot Product Property Q.u=0 e
Dot Product and Vector Magnitude Relationship l usu = |uf ,
Proof
Proof usu=uf?
letu = (w, u,).
Dot produd
= \.‘[u,z + uzz} )1 Write as the square of the square root of w +us

Vuy +u 2 =|u|

11
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Ex2: Use the dot product to find the magnitude of the given vector,

A. b= (12, 16)

b-b:. (\?—j}-ﬁ-(lﬁ\l
b-\o_)_: Yoo
\b\ =Yoo

\b\,:?_o'

[ KeyConcept Angle Between Two Vectors

B. ¢e=({-1-7)

o :(—1)1+ (-F)
& B

kc‘:d‘:}o LT

=7.0%

If @is the angle between nonzero vectors a and b, then

. =|:|'|E|'
6 = CoS <

A-b
\q\\b‘)

Ex3: Find the angle # between vectors u and v to the nearest tenth of a degree

A. u= (-5 —2)andv= (4, 4)

Uu-v

clase:'EﬂET

UV = (-S)U) + (-2) W) =~23

L= J-ove -yt
=29

W‘\:\I (U {uy®

=\ -ulz

-23
030 “@@s

B. u=(9,5) andv=(—6,7)

e =10l. &

S22 O\ 2 \56%
0-9% (25

12
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KeyConcept Projection of u onto v

| Letuand v be nonzero vectors, and let w, and w, be vector
components of u such that w 4 is parallel to v as shown. Then
vector wy is called the vector projection of u onto v, denaoted
proj,u, and

W,

e DroJQ.i-[
Iv?

)"
P{Q‘B“ > ( lm"-

- ]
Ex4:Find the projection of u = (1, : } nntn v = (8, 5). Then write u as the sum of two orthogonal
vectors, one of which is the prnjectinn nf uontov.

b i Uy =M+ (2)5) =\
PR = \ul )V U= (8) +(5) = &
= pro = Lt oXe 8.5
\WN, (DO.]\: (‘&“\ < / >

4y Yo
\N\ = -—3-;3 gq>

- LJ\—-—\"J\

VUM qo
o Y <
=<V < T 'y =
W, — ~s=) %%
22 ok e D
Ex5: Find the projection of u = (-3, 4} nnto v = (6, 1). Then write u as the sum of two orthogonal

vectors, one of which is the projection of u onto v. ( LL—__— W‘ -\;-u\Jl Wg‘:l
: u'
IyPiefiyte \w\(z \ Uy = (=336) + () ==t
2L 2 2
vl = (¢) + () =37

{4
_3_?_) <6 ? ">

—w
3? 3

Wy =< - R
—-< 2:& \SZ> »

(1

W| e

3

|

£

gty
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Ex6: Nisreen sits on a sled on the side of a hill inclined at 60°. What forge is required to keep the sled from

sliding down the hill if the weight of Nisreen and the sled is 125 kilograms?

X = 2 | Cnige, | win o>

=< £ 2>
s;:<0f"'|1%> v
W, = ?/({M‘F :(I\:-‘\ljl N :_\03.9_5\1

\
-w, =10%.25 v |

Note: Consider a constant force F acting on an object to move it from point A to point B , then the work W done

by F is the magnitude of the force times cos® times the distance from Ato B orW = |F| (cos 6) | :""IBI

Or simply W= Fxdxcos® where 8 is the angle between the force doing the work and the direction of the object

movement.

Ex7 CLEANING Faris is pushing a vacuum cleaner with a
force of 375 Newtons. The handle of the vacuum cleaner
makes a 60° angle with the floor. How much work in
Newton-meters does he do if he pushes the vacuum
cleaner 2 meters?

W = F Coso IE\%\
= 375 Coséo (2)

= 295 a y
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