VECTORS

Coordinabe Systems and Frames of Reference,

- measurements are made relative to a
chosen frame of reference.

- we always note point of view when

‘ malm:a observabom To be used in
| Predwl:tons
' "?‘ T oo
Shncllr!’ moving

. For observer ear & occu nt‘s @
movmg velokve 4o observer

- Buk driver & occu am{'s még not
consider themsehree nelahve one
another.as mvmg.,

- l‘F observer 1S In 0 catr Moy ”et
to the other ear ot same sPe,e&
there would be no Vdahve mobion..

)



These different points of view are

known as FRAMES OF REFERENCE

CoORDINATE SYSTEM

- within a frame of reference we have

a set oF reference lines thaf ml'ersec‘('
an arbibran b ‘J chosen fixec poml'o
re rence 2allZd ori@IN

Cartesian coordinate system
o lines mul'ua[lﬂ i bl cleScjnal'eJ X,Y 2

+ system has ceb of rules 3
'% within :fe mefvzf l:ec’&un e
. B= D cut coord. system
f éne ane consid say oS hdnaonhi

2 -I:he.n z oxis specifies a direckion
up & down.
?2

Y’ P i Y

(l’

p &

. Often usefwl. b compare obser vations
mods in bwo d:ﬁenn{' frames of veference.



Vecdors

- position of olyecf' in fartesian ¢ siem -
Hiver. by a olweel?o? lme sjmenf or a Vecrox

(x,y)

R IRl sin® R ﬁ
(18] by
(%  Rleos®

- RorR isa sition veckor whose
mognitude s qiven b IRl = linear
distance behifen oridin omd pointy)

- Necter diveetion s puwn b the acule

- { lineR) makes with X-dxis.({9)
with respect to posidive X -axis

= ANY QUANTITY HAVING MAGNITUDE AND.
DIRECTION 1S CALLED A VECTOR GUANTITY

= QUANTITY HAVING Mu_m_'pj_p_u IS A
SCALAR QUAN'NL\(

EXAMPES :

vector quantities - force, velocid weight
é Clls lacement.
sco.l.ar quantibies - mass, diskunce, speed

& enew



Polar coordinate SﬂS{-em.
| o

[ . 40w) |
' i iriin M‘S"'::"e =

—>
r cos® %

- majmtude of vect’or R is r &
divection us iven Jﬂ % -then we have

:’?t-?:. St Jsh called” the P° ar coordmate

-]n 2-D location (x,y) iven b
irt-?c umts hor?éon&a(’ & _93-;;7{‘33

Ve
- We can show "H\a.f,‘ ; (_'r,g)
X = reosd
rsin®
- havin eshbltshed +this pelar ﬁ"" of
veeho | we easily show @m} red
con e, ocPresseg in terms ‘Xdy as:
rt =y’ 43

¢ ton @ =
Magnitude :,3 R x is given by:

RI=e = [X5GT | diveckion 9=arctan (1)
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ADDITION OF VECTORS
- Sealar quanl'ihes acleled Simplﬂ:

€9. |
7+ 3= |
e, we sir:‘)% slc?m majnitades.

. But displacement fom Atol is®
veekor. e ,

o R
%‘ q) -
A 8

- ibude of B (Ac) qiven lenqthop
’ wgm niah('eh’ne y i rec{):c‘o?? 'b; a.::‘;?.). g |

e9. suEEose. a cor travels 30km east,
(AtoB) then 10 km north. Whaf s
the vesultant displuemn[' ond gl reckion.
SOLYTION

t-'m% Colo.v Qx ordinale thm-:

IRl =r = "-}3‘"

or /(8 +®C)* = [(20)°+010)*

& tan! %
direction is § =arctan é)) zan km(%)
= orcbon (19) = arctun (0:333) B B=194°



. we odded veetor AB to veckor BC
93&(‘:\5 vesult AC = R -

clear Hnaf' veetor aalaluhon 1S
cl. ent from scalar addition.

« NB ANGLES ARE MEASURED RELATIVE T
POSITIVE X-AXIS N THE ANTI-CLOCK-
WISE DIRECTION,

6
AI % = -AP. = [R

Sl'ep 1) shft 8 el o self unkl 1ts Hail
1s at head of A. In its new positie.
. must mambuin onjma! lerfj(-h &

cirection. N k)
S i) Daaw  vector vesidtant ) from
‘ T, tail of A ko h eaaf of B. f |

ie. veebor R =A+8
.Vec+or is vepresen fed bj bolel-Face {etber

books . R
. ln umbm R
. dcsPlaugneM" From one Pomt b another

's 6 veebor. (Omohom wa
. ‘resulbont disp loment’ m aybe addition aﬁ
a series of movemené's chor hos tuil of

origin of motion md head at heod of Lok ]
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R EcTANGULAR COMPONENTS oF VECTORS
SR |

. g

%) |

A ReesH® B

' Ve:cto:h ACC;: rm({-anl', while AB &&
. e ve F ¢ (e ot
vt Ls to each '_ﬂother) —

. Anu veekor con be resolved (nbo 1ts
¢o ponenl’s pmvi‘decl "~ component veckors

| ‘ Ksine'

add’ up to originab veekor.
. Above example R can be vesolved ink
veckors A'g s B¢ B

Reos® =7

vecall that |48l =Rl cos®
l6e| = Rl sin® =7

& .
. Usebul woy of adding veclors is te
"‘sjﬁe‘ co:# o(:gn(' \; bors a(onﬂ

mutuall‘«j _q_,“ol.‘rcc&ions. Then ®o

adol con,ooncnl's in mspech've.
: ft‘.c.b'ons.: CE



- REMINDERS

> a  becomes ¢y
) d
b Cy
// ? c°39= -b P tﬂﬂg:_@ :!‘1.9
/”/ c b cos®
_2 3 _ 2 7 2 2 2
- CT=a’+b becomes £ =C, +C,
\Y & = ¢ sin | cy= CSin®
| h’lg:.g. | eﬂhg-‘-' CQ |

atiso (Sin?ﬁ_ 4463’9 )=1 . Cx

-'lo &b)



RECTANGULAR COMPONENTS

Veetser A in %-y plane. |
h From its ends drop lines 1% & X & 4 aves
i) Projections A, & Ay are rectanquler
co;njponents of A - T

W) Jnstead of vector sPecc'-ﬁto.h'on' bein
(A, D) ie magnifude.s di reetron

we can 3P€C¢']8 W+ bj its COmPonenfs;
B hy) %
sinee C::S‘B 'i- Az,, 2 3,’159 = Ay
. & e A
then : Ax=_A¢°3%' |
! A,ﬂ éA.Sfﬂ%' A
e may. & direction owe . A=JA,’4A§'; tan®= %,

0@



USt '%n 'the eom oncnl' method of
jon of vubrs aloﬁj muha"ﬁ

.L°" directions.

Add the followmj movements :

Q= 3m east
b has Cmponenb 2 meast 2 2m north
& o« Zm north & 4wm west

To add, we c¢onsider eomponenh in each

dufec{'(on
NORTH ¢! = O+ 24% =5Sm

GAS'I' WEST = +42 -4 =1
i l-m,s Componené's

Qesull:anl:
5m nor 2 Im eas
Magnitude |R| =II 45‘=r=5"f’ |
fw west Qﬂr\ﬁr
3m north

L] mftll- -1 R :
2 Q“(_‘z’)
a4 2m easl

9= tan' (%)

ban” (54)
78.9°

l@incﬁm ) R

L]

ﬂ.:lm) Q s 5m
with R =5./m wl‘ L 789° wrt

posetl“ YX-0rxis. 10c)



Trigonomebric Addition of Vectors.

Suppose we have the following vectors

0, b, ¢, and d having olisplatements :

a) 30mm dt €5 ° wrlt. the *ve X=QXIS
b)) SOmm ok qo.‘ # " “-

C) 30mm ot '20 , v n 0w %

O‘) 30 mm abt 250 « % «w P

Si Kk h to find |
gl s v o

die placenen i
2-,

We use X &Y eomponents of the vectors.
Ll:.u:ll_u, a hﬁe he'i::se: . of
Vecbor ‘X-conp- | y- comp
A=30mm  30¢05€5°= 12Fmm 305inb5 = 27-2mm
b=30mm 3039 =0 « 306830 30 -

C =30mm 30 s l!O':"ls o 30 3inl120° 26 «
d = S0mm 20 ¢os 290:-10-34 30 gin 250°= -28.2+

Rx = -12.6mm Qy' 55 wm
To f""‘d‘ R" & gV acld  individusl cawzpaezené
0{ K eomps. & Y comps.



e /12.6)F + (55)° = 56.4mm
& the direckion : ban (p = |'Z'I'/',z J
s 52 c 4.3¢2
Hint, make a sketch of R,& R,

e \%\
Ry==12-6mm
Thus -the { we want D = 180-¢
@ =tan”'(4.37) =77°
® = 180°-37° = 103" wet +ve Y-ari

NB a skekch eonfipmsthe actual direehion,

Example : Add vechrs a,b,ead
e b
3m
, :&Ld v A+ by "’d
: (53' fm x P4

Ovectel b



Remember ocder of addition does net 'mdte.l-‘.-
components can be aqdded in any order

| e'a' a'a clx pbx JCX
Tabu lade eonponents,

Vectse 'X-Com,)onm"s Y- com‘oorw.\ts
& - Jeos0® = 40 | 1ain0°= 0.0
b 3590 = 00 | Bsinqp =30
c 5 cos3t'= ~4-0 53in3t'= 3.0
d 6 0553%"3.C 6 5inS5=-4.8
R . Rg s 6.6 Ry = *.2
Majnil'ude R = [€6e)?+ (1-2)*
= ‘-? m

Dicection: tan@ =®: 0182
feom which tan™@ = 10°

. | . e ‘il
From skelch @ =180%10" =170
K=y i e

3



SUBTRACTION OF VECTOR QUANTITIES

- SUbtht‘bn O‘F VCCbr qmnhkes ;s ‘ \
equivalent to the addition of the same

vector, bu{' with its direetion revcrs;i

0-4 = lo+('4J 3
=t p

4] - /s.]*-/{ 3

To Subtract & vector, reverse alumchon.
a.ml add t{; to the I“ veckor
e. A -B = A+(-B)

where -3 is veckor B mth L£'s direchion

9' 30'
reverse direction

af- 2 and add to




Find the resubfart oﬁ A-% in-the ol(ajmm .

JOwm
5 D

To Com?ut? "i='ﬁ-" :1-(‘5)

Com[.wnents of A Ax .-lOCosSb 8.
y:lOsmBD 5

Y . B ‘Byzécoslﬁo“é
By = -6 sind =0

- ‘n the ‘tauﬁ we chal\ﬂcs sijnf:xon-{,he

cm?wnts of B ond add
Ve
_;A!' &42_& 5421
_% JL 0
14-66 >

Magitide R 5 R ={RE 185
= fm-s?w‘ = 15.49m

. 2 =

4|,/‘/.;?® = (05‘“)"|3 3

(5




*&z‘olviggves;g:sm S

Any veelor ean be resolved ik
rccbnnsulu- eomponents

Py, B & P are compenentsof P
Vecor sum £ 4+ P4 =P

Components ase mufu.qll_:, 1% to each other
P’: [?.; +a;' ()

' o+
% . P ¢+ P I!) ;
SUBSL‘\hhﬂj &1’ % in (.)

P,=P+,*P

Mua!ihdt o P o J P +R, Pz



