
Algebraic Vectors

Geometric Vectors

o Geometric vectors are vectors with no fixed location

Geometric vectors are written as a

d = lto krn [Hr m" vrtlr.e. CL

Algebraic Vectors

and a dr ret*i enJa

. Algebraic vectors are vectors that are drawn on a coordinate plane with the tail at

Polar Coordinates

o Algebraic vectors can be written using polar coordinates in the form

where the angle is measured from the terminal arm (positive x-axis).

/ .c\ / -. -n 
r o-to\i.e (5) tCl-/ o, (3.-7qrl87'/

1. Plot the vector i: (4,120o) 2. Plot the vector a: 9 units [S45"W]
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Cartesian Coordinates

. Algebraic vectors can be written using Cartesian coordinates in e,OfheS I Cf"'nr
o, unit vectof form. Cccrcndina.+,g)

i."@"r"-o=5tnJj
1.

a)

2.

a)

Write tle vector ag in component form if:
4o
a
)

b)

o:1rr*1u:r,-t,t=_l -t
Al3.(-5,-Q_ 14L: (25,70) and B : (15, 100)

'.\
Ab = lts*zf3? loO{e)
--l /
A-U = (- lc) Ao)

3. Determine a +b if a: (1, 5) and b: (3, -2)

d.*t = t't ,3)t'ti+3 5 t Uz)
x AdA x" toge,ther, ,rdA g,
4. Determine Zi tt;: C3, -p

2t"= Cr")-lO
f\

21rf,) 2k5)

ffi

tf" l{ulfip! x u.,d y by coeLHu€lnt*-



s. Simpliff lo; -:6 r ;: (?,7) and 6:13, t;

tcd - eS = lo Ca,-l) - 3Ca, r)
: Czn,le) - Cq,t
= c-2q, cl)

Unit Vector Form

. Algebraic vectors can be written using Ul^t r

{Tq-
{bB

f"rr * I
rW
=w

i : un,,l vecfor on x*axis
: : uni* ve.dor an j-oxrs

1. Write each of the following vectors in unit vector forrn:

a) i:12,51

a.2S+bj
b) 6:1-3, ro;

-\
5= -3tttcTd

Magnitude of an Algebraic Vector

Calculate the magnitude of the following algebraic vectors:

a) a: (5,2)

0=ffi

Q=

idl

b) ;: (7,3)

lA\ ='-)trf*Lef

-

tfa=..1 xa +y-

4

I
,">

/ t

L

D =J (s-of"ez-o)"

D= ...1 cs)t + Cz)"



Converting Between Forms

1. Write i: -+i + 3 J in component form:

\
-& = C-'t re)

2. Write the vector a:6 m [N30"Wl as an algebraic vector in component form.

SinoO= 3- Ge bC = X

3. Write the vector a: (5, -2) as a geometric vector.

TonO = 5L

= r-l G)'-Af Ton o=2

S,n€ = Q,
h

={F

Gct€ =t

6=-lar;'C)
e: b?"20

6Ccosrc)=x

ldl= rl x'*y n

25+ Y

-->d = .',!Zq uorts fb tnr"rr" 1]



Drawing Vectors in Three Dimensions

Draw each of the following vectors:

a) i=(2,6,5) ,, O

u = (3,-I,4)

O H"ke o. paralleloqray?\"
$'-ilr\ x bnd 1."

-7q 
<-

@ #"*r lineg z
un,*s h,qh up
frorvr ea$* |

lerhex
S Co*releie*he x

boi d\

?ldr x,y tz
Values an
or(i9

b) 6 = (6,3,1)

S Point is rn
opp3rte eorner
Srorn Ver*ex

fr = (3,1,-4) rl = (-5,4,3)

d = -5i -2i-1k = U5,-2,a)



Velocity Again ANS
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Vectors in Three Dimensions

Algebraic Forrn

Component Form

i -(x,y,z;
Unit Vector Form

u =xt +yl+zK

Write u= (2, -3, 1) in unit vector form

C' zt-3f *" f
Write i= -7 i + s J + 9f, in component form

-.5

LL s (*lr 7 t'*, )

Geometric Form

Direction (Direction Cosines)

Cosu=] corB=* Cosy=Z
l;l ---'- lul lul

Write the vector lt = (3,1,-4) as a geometric vector.

ldl= Ln**=,fi
c.ptx = 

ffh
d-=co6'(#J

C*EF*+,
Iuf

C"uS* ;s
"F*{.nf-{ffi)

*prt * ^k
ls.,,f

G:8= -&

#( * 53.qbo #* 18.bq o

#t)'-L'Y.* t--tY

rI n -tlS
6 = r_.os t{6
&* l+1,{eJn



Scalar Multiplication

a) 3gl+2j-i)
s lzt + bi-3R

b) 10(3,7,1)

: $s31o 5 t0)

Vector Addition

a) (5,

3tt

Parallel Vectors

= -L+t +tt?+
rl

7 ,-3) + (6,2,4)

t)E j t)
b) (2i+15 j+ 3k) - (6i - 4 j+2k)

. Parallel vectors have the same or opposite direction.

e Two vectors are parallel if

a) Forthepoints A(3,2,7),8(4,5, 1),C(-4,7,1),D(-6,1, 13),determinewhether AB isparallel
to CD.

*J/
ffi ; ( +-r t5-?t r-l)

= (l sit-iJ
= Gr"-{*rl{,, 13* D
s (-43-tu] {*
* F$,firl$ftw
# -2L1.,3_r-G)

C,D

%'o\1el
Collinear Points

a

a)

Three points (A, B, C) are collinear tt & unO IL ur.

Determine whether the points A (4, -2,3), B(3, 2,7), C(I,10, 15) are collinear.

AE = (r -.+ j z-r-* .) ?*3)
: c- I )'t) Lt)

m= [t*,r,: r*-c-a]]ffi -B)
(*3rt?r lt
sLtr+ir)

,'* Co\\'n'&e f /



Linear Combinations ANS
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What is the set of all linear combinations of (1, 0, 0) and (0, 1, 1)?
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Dot Product

,7,tb 
,'/ I

/'l/1_r

-

'^ e.

/
*"C-lrng;,re.n* cP
h\D ir1 f{Lrne clirec*ler, clg ().-

Determine i.6, if l; | : 20,16l :45 and 0: 55o.

d.""8 = lAitBiCoe'G

e

20 c.+5) cre55
5t 6 ,2]"

If two vectors are perpendicular, their dot product

Determine a.b, if I a | : 5, I bl : 10 and 0 : 90o.

a'B-- idllBl c"so
: 50o) coo?o<- iYiS:
= 5 cro) co) zLrc t

Dot product i, .t " SCo-lq r fn u l +, Pi r CCI-hOn of one vector with the scalar projection of
the other vector.

(Aneiue-r iz (L nr.trnb*-)

Gs6; !l
h

Cc-;-s-- li&l*
t6l

lBi crog=x



Algebraic Vectors

--\ -F
0u'b = &Xr+/^Yr *{:3

1. ff " 
: (2,-3,1) and i : (-5, 2,4),calculate ., ' v.

-.5 -s-rJ-. v = (2,_7, D. G5r2r,l)
2L-5) + ( 3)cz) + tc.r)
- lo -Co + *
-12-

+zj +zf and i:5i -gi,find i^. i.
,- rte i *grrr,.,

(3 r 2, f) , (8, i,-q) -

3C5)+zCo) +-1Cq)
t5+o -63

3D

: (-2,3, 4) and v : (I,5,2).

2. If u:3i
J-5[}.v =

3.

=+8
Find the angle between the vectors i
J-s
A.V = (-z,3r.t), Ct,Srz)

: -2Cr)+3tb)+ t(z)
; -2+ 15 i8
:21

=€

ld,l = {t'syt12t
= r.l(-z)'+ e)t+ c+y

-.l->u'(v*w): ll.V

, -ll2u'u: ltl-l

--J 
-\,+ (J,' (^)

d..i -- tillil c""+
2l =ffi,ffi Coe€

7l .".+ = CosO
J 870

It'l =
co5'/4\\ *lglo J

= .lT6 Properties of Dot ProductrLl

.J
k(u . v;: Ku.i or Qr-W. kt

= rba



Projections ANS
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Applications of Dot Product

Work

o Work occurs when a force is applied on an objec! resulting in the displacement of the object.

r Measured in Joules
__s J

g,l = Fd 6Go= S \^J=e)G)

.For<sr,ee\rea 
c6€=$ illF^"tr$

*.j*i"* tEtSEe=lFllli"mnr t-- '- - '--li'rt,o {t::o\*orcnc 
h",.a*^ded lY\- I -L 

\
i1 si$ as Ais-
a'@i.- A 30 kg child slides down a 3 m long slide that makes an angle of 35o with the ground. Determine the work

done by the force of gravity.

---\ -5'U= F.d
\l =

\rl = Its\= 1.8r (aO
= 21+.b Ff\N: 7 2b.23 :r

2. A mover pushes a washing machine 7.5 m across a basement floor. Calculate the work done by the mover,
if he is pushing against a frictional force of 300 N.

.--\\
hI= F'T
\1,1 = l?lldlCo"g
\N> 3oOCr a) Gs O
\Nt > 225C

tF\\d\c",e
29'1.3 Ca)Cob35"

Ilff;'k-.d"; bY SrovifY i+ 7^1''3 f-

;. l-le nnus* do -W:*hcn LTSA q oq DorU.



Cross Product 
^.,.A\r.)€f roi\\ be a' t

* on6ul Vedor
The cross product i, tfr" VeC*O f mdtiplication of two vectors, which reiults in a vector

that is to the original two vectors'

a 
" 

li - (y uza - zuyarzuxa - xuz6tXuYu - Y"xo)

1. If l;l : 10, I il : 13' andthe angle betweenthemis zs", frnO\u"'"[

ld\lnlsne
lo cra) sin25

l-*i\ :5+-gt

) If i: (2,3,5)and 6 :(4,7,6),find ax b.

d. *B 'ftru> - sc-?)r s(.{) - 2G) ? tcr)- ac+)]

' ( r g-zl1 zo-tL t t4- tz)

@ sinc€ an6h,er is

cheK " 
(2t45) . 6l-1, g,D 

- 
yo'^ ean check

:€t+21+lo =O t/
3. FindavectorBcreendicularto u:10i +3 j +7k and v:-2i -l j'

cros6 prducl- No ( *qv,v
J\trxV= Cror3)t xGzr-116)

(
=[ afo) - 7e]) ,1cz) - to6) n roGr) - 3Gz|
? Co+r)-t4-o)-lo+G)

t r --:l
I tt-xvl=

=

s-(/)s
\o' q

*".f
.,rU 

\'

$--
fi

J
7 ,F Huthpll

5A (' 1+o fi

zX*
zXt

J riSa o^db
product = O

gerg *o
i$ do*

3 r-,-ro
rox -z
bx -l

[;'6llittotsine

= (1 ,- 14, -4)
check on eatcnta,*a r /

wr'K dot pradt e.|- v



2 -5i;
2-5

4. Calculate the magnitude of i " U when i : (3, 2,l) andi : (4, -5,7)

.l'-5
0-r [ : C3rz, r) * Clr_S, ])

' f zcr)- rC-b)r ,c$) - 3cr), ,C-5) -.t1r)]
= (tr|*s )'t-21, -rs-g)
: ( t9, -t1 ,- Zb)

ld.El = ,J-*..t..=.

= tl C'q)'* C rrf* azt>L

.lqso

Properties of Cross Product

1. Simpliffli+ 6; x (i+

-s A, 
-l -\= Oxo. + Axb

\-5
= O+dxb -

ul.

+ -l- .\ -\'+ bxa +bxb
(d*B) + c

i"i: O

i ,.6: *(f,*a)

_ -\+i"(b+d;: axb

.-S+t1i'6;: Koxb of

-\5CI-x c

d,' k€

=o



Applications of frfr%fr Cross Product

Area of a Parallelogram

Find the equation for the area of a parallelogram with sides a and b .

{= bh"
A= IEI\d\S,n€

or

Sin'$= 9h
Sine = hefqhl

-:-lal
A =[d"*€ |

ldlsine = hebht

1. Calculate the area of the parallelogram with sides i : (10, 4, -l) and i : (-2,5,3).

A= ld*El dtB = eo,{;- t)* Ge,s,a)
= [rz- Cs)? Z-Ao Eo - (-8)]

= ( tl r- ZB ,bB)

jl x3
roX-a
,1 x5

- Jrqb7 G 3Jq6
' G'ffia --/

Area of a Triangle

Find the equation for the area of a triangle

A (t,groj c c5,-l) 3)

1 . Calculate the area of a triangle with vertices A(1 , 5, 0), B(2, 2, 2), and C(5,

P CazS) ff= ld'BI
2

A= q;#&
z

AA-- (2-1, z-5,2-o) A= J1+2SrB{o
' ( tr-3r2)

: Cr-rr-t-5r3-o)
= Ctr-bra)

A=

= rlzo5

-3 -lo
zx?
lxrl

-3x -tr
-1, 3).

--5 +
clx b

= Q,-i22)x Ct;{",3)

= (t -cnz)r8-31 -tr-crz)
: (3,5, b)

-5Ac



Torque

e Torque occurs when a force is applied on an objec! resulting in rotational motion-

. Measure4 tn]\{ i

\/
\1

1. Find the torqE produced by a mechanic exerting a force of 95 N on tle end of a 20 cm long wrench at an

angle of 30'.

[= ti.Fl
)t Conved lil in-to rnclres

20 c- = Q- 20 w.,t

= \il lFls'"'o
=Gzo)(q5)SinAOo

= 9,5 N rnz

... The torlue is q.5 N n^-,
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