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| (systewme Tntermational Jand (+1's units of fengtn, mass and
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Chap. 4

P@S‘.CS and Measuvement
Classical physies - . 4 - 1 2 7 VAP

adll 3 Includes the theories ,concept laws o ud

e)q:er:mewts m classical mechanres ,+kermoa£\;nam.fcs , optcs

and 8|€t,fmmajneﬁ\5m deUeloPeJ befye 1900 .

Began near the end of the 19th Cen'tu\g x|
The fo most important dlevelopments in this wodern eva were
the theories of relaty Wy and quantum' mechanics . EX+ B stenrs|
theory of relatiuty, . - |

Standards of length,Moss and Tice

Tn mechan s, 'the Havee ioas;"t_.quhntihé.s oy e le:?-m, wess and time,
In 1960, avn wtemationdl committee establiched a set o‘fs-}qwdqrds .
v Hhe fundamenter) quantities of science. Tt 1's called.Hhe ST

twme. are the (meter, krlogyam,and seCoud)rcsPecrt\'Uel «othe
ST Standdrds established ’3*; the committee gre +hose Y

tewpevatuve (the kelvin), electvic cuweut (+he awmpeve) lummouy
wtenscky (the. candela),and the ampunt of subctance (the male).

Length | . .

As recently alg 1960, the levgw‘h.of%e metey was olefmed ds
(H»e dl'&l'a.nfe Befulfen fwo ‘meS en q 5pec|€a'c Pld'fm U — |V|‘Jlum
kv Stoved undér covitralled conditions 1 Fance), Tn 1960

and 19705 He meter was olefmed as (1 650363,73 wave
lengths of orange —yed light emittet from 4 Krypton - g6 famp)-
In 1983, the metey(m) was olefned as(the drstance travelel

by Light m Vacuum durmg. a twe of 1/299 792 1155 second ).
Tuls last definton estubliched that the Specd lujlrt ™




., Chap.d
vacuuw is precisely (299792 457 metevs per second-
P Y i _ P* _

EX&MPE'.E it S SR '- . ; ¢
_. Mean radwus a”—l?*H!ﬂ Earth = 63710 vn

Meztn dictance From the Earth 4o the Moon = 3aZU.16°m
one—light Yeav e ybxlo'Fm

sze oF cmallest  dust! pq;lthci;eﬁ-. o 0 e
Diawmetey ﬁhjdmjfh atom - e -Iu"m Wi
[ Mass ] I =

Tue ST unrt of woss the [alogram (K9) /12 defined s (Hhe masy
n’-?ﬂf-pauﬁt latinum — prrdium ei[l-gfj- cylwmder -"Cth‘ et the
wtevaational Buredu of Mﬂjhtv.s mh:lj Measures. o sevres,
Fran ce). This mass Standard was established 1 188 7-

E?fﬂll-l'l Flffa

Sun mass= 1.99#18k9, Earth mass= 5.98x46" k9 .
Bactenuwm wmass = %16 k9 T

Time L E R

| Before, 1960 , Hhe. standavd of fwme wias defined m terms of
He(mean selav day) for the yeay oo~ (A aal.qrciqj)rs.(-}h_g
tume wtevual between succesgive appedvantes o the Sun
at the hyghest powt it reaches w the sky each day). .
Tue second wde defwmed as ( Yeo)(Uge)(f2y) af e weoin Sclavd

| e vetuton of the ﬁnfﬁh (s vow Kuown4a Uay 5hﬂh‘th Wi
| dwme, howevery and therefore Hhis motion s v m.ﬂmd._ahf- +o
use fov definmg atme standavd. The second s know -
.:;I.'E‘flh'ed. as (9192 &3l -'Fitﬁ) tmmes the Pf-."nocj a“é\.}mfm{:lﬂw d‘e
vadiotion. From the ceswum atow. . L L,
pevied ('S debned as (He fume ntevial needed fovane complete
bratton . i : . . .
Aumic clock uses the chavdcteristic Frequency ¥ the cesium
133 atom as. Hhe “yefevence Clocl’, .
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Customary §ustewm

A nothey Sy st of uﬁ1:i£=' Hhaf e siilt,
Usedd 1o fhe (QSA). Tn tuis system 4he unds of fength imass
oud twe ave the Lot (FE) , slug und Second respectively.-

&ﬂﬂfﬁlnng\(*eﬂ%ﬂ |

Lin =281 cin , £ =24, Itin :':3-'2,31’[3{: ;.1&25131:‘1}311"] ;
Lyd= 396, €12, Lmichbofhm, 4 kmze.62) wir,

_;i Jgﬂlht yeay - ‘}‘*Hréf-*h’-le::' W : s
(Mass) , (Time]] . | , o -
1 wedvic fom = Too0 k9 , £ K3z £852%0 slug, 4 2lyg= '-4‘5?1':3[;
L year = a¢s aay sz 6% 1675 L day = 24 bhyz J.l;-i}#mjmiu:ﬂ‘-&,t#.rcg

Density and Atomic Mase

\Jnlu“af;.j F:mlf"m R A e S
For eXawple  aluminum has o densidy of (2.3 glew), [ead (hz 9l cud
Atomic moss s defwed 05 the wass of asmgle atom of The elowent
mezsured m gtomic weiss ks () wheres Lus b £60 538 Fae k9
The atowc wdss of fead i< 2670 gnd. Hat ofalimmum i 230-
However: the rafio of afomc maces 15 207U [27u="F.6F does
nel cowespond o the vatio of densibies (11,2 3 2770 w1 Q-]
Twis dvscrepan (y rseue bo the diffevence i atom’ S Pacive . aud
! cr{:n'-'-'nif: afangewenls inthe. Crystal  Shuchure of thedwo elewents,

A 5@[1.:‘ cube c%a.ﬁ.mmmum ( o=t 2-F 5115&3)515.5 ta.l..n'n[l.l_r-uE'n‘-E Lo2oo -D.nn-!]
1t s non Hial (270,330 cluwsiim Contams (Gozwtd. altoms). Hool
many glumom dfoms aye contomed m Hhe cube ? oL
TE. mq;'&-_u?ﬂfﬁu&ﬁ 15w oW = {2.}3'lﬂm-"'}(nmimt1.: o Bhe g -
j““Pft':NSn_‘l'.p_L ?:'?-mi:MSHWI'E_ —ﬂﬁ :{‘Eﬁ‘*.lﬁ_aq.{:ﬂﬁii
M35 N3 2FY T Ea2 ks | Souple
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powey [pevfex  |gbbreviabon| power | pevfix | abbreviation
15 ! yocto - | .Y T deci: d
Tas Zepte z lo” kilo K
168 atto a 10® . mega ™
l(;‘s fewto £ '0‘1 - 9iga . G
lo:‘: psce & - 3. ;o's, - fevd T
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Dunen sional Analysis |

we shall oeften use lovackets [ ] Lo dencte the dimensions of
aphj svcal ﬂuan{:@ ;Sweh as EVJ, Cal. I,
D ension om,db sis Can beused to check 4he :ﬁml-ﬂ(P!‘E’Ss;o’r}.

Dimensions Can be traafal as algebm{c uantirges.

have the Same dimensions. furthermere. the torms on both Sicle

o'?cm -g,c,udtlon,mush have the Sawme gmenS10ns « The velahionsh

Caiy” be. conect only 1 the diwmensions on beth sides of the
uation ave the Sawme. : -

o rllustrate this Pmceo|ur€ check. the Ualu:M:j O‘e(x=£qf2),

For xample quanfﬁffs Can be added oy subtracted Or@'t’f "fkt\i

o et«ahon o Cay move With Constant accelevation () from

Sitton-(Wol o twme LE) . The .?UOm,{:ufJ (x) onthe ¢ £t side
foa,s the dlMBMSlOM 04? [flrgﬂv - Fov he E‘?Mq‘han to be
dlvnenélol’)duy ColYfCﬁ; Hae 7\40 n'ﬁ?‘:j on the h;jkf s ide must
alse have the olw ension oF leugth. ,
we can Pevform o dmenswond] check by Suh;{-dul-;{@ Hie ol ey

—stons for accequ%n, (LITDand £t (T) mko the: eo[uq)(?(q:

X= %0‘{/’2

r



CH&F-."L | 5‘
| T Tz L

]
“The dmmsmnﬁ a'fi?Jctmf fom r::l' s slnnu,m ﬂmﬂ‘rf’ jﬂﬁfrcﬂ PTn{f'p"Lu’E
PS.do WeE= - - Xaxk 0" £

where {nl.and Gm). are. E.xmenf;s ot musl- he o!'eifermmﬁr:l' mnd the
&y lol (X) mdreades g pre Pr-'eﬂ'lm:ﬂl'f{j -
S [ﬂ' tmj" = LT M m=En
L (T LT & ,LL T
The expoients. of (L) awd (T mus-i; hﬂ‘tht sowe - oh both sides
H-?-Equcttm W See -H-.nf f=.ayd- m-2m-0 gaves us m- 4,

buf (X o £"); So-that (X Aat®). "This vesulf e rs by g facky
019 (i) 'ﬁ'ﬁm Yhe Eorrect E’qlqurwn (X=lseat®),

"Eyctem [ﬁm::(LEJ T o lumel D) speed LLT) ufcelercmm(u'r*}

&1 mw m? mls mis?
UG Cugomany |- ft2. . fE3 | _19-{;{5 Efﬂ’:_j’ﬂ_z..'

: - i1 :
Conveveion 0% Units |

Bowne bvnes L ts VECESS nyy tn convert unit s fwm ﬂ'l'rE' qugumm‘t
suskew te wndver, or & conyett wilin ol systep..

1 mde=go%m= | 609 km, | £6= 0.304 Bwm = 20.450n
fwmz3937 w3281 86, Lni- o254 vn = 2-54 Cu

pnds cow be Evented as uiﬂehrm{: cfunmtr’nea Yoaf t{m Cmn&ﬂ
Eﬂsﬂn 'Ei":"i""'l-e‘l.'t

_EX-2 conveyt 150 44 tacentmet:'rs -
@ (50w = {:lE..CI |1.1}("‘"‘“£"—> 2.1 Cu
B3 .h Cav % %wnw'lmj a’tm SPPPGI f’?(i‘ﬁ’m m1:—:-.] s Jrl-w_f. {"c:rr

exCeadwy the spced humt of (150 wal fB)T
v £ 15—'1?5'1' a?nwﬂ'l“ meﬁ*s {-:a m,\eg
(Béom|g)( m{;) = 2. 36§ mil/s
Mnu] we Cun#i‘ﬂf aeconds o houy s

4 E_Z‘EE*L{} mﬂ_fﬂ}(ﬁﬂfﬂf‘hm}(&%[ﬂ) &5 ﬂ'f”/l‘jl




G eh St
Estimates und ovdey ogﬁdjm‘rudue CAlewtadion 5

Tt s @[Qr'fm usefd to Compule an pprox male awswey to o quew
p@&rq]-?rubbm. =incln uppmxmu{‘mﬂ 'S u.ium,jij based ov Cevdoin
Assumptons, which mast e medified (£ Greater precisin (S neaded.
WeE gl Sowehwes _Wf’ﬁv ta mﬂ(ﬂrqfe:r oF waq ﬂthd'f}afa_ CEtoing
quantily 1S the power of ten of thedpmiber that oescribs that
ﬂmnb@ : we u‘ﬁz‘fhe %mbnl rr Jor 2 s onthe avdexof ¢ Thus

O OpBR A IST L 0.80Ziem G , FU4D A fOF o
The resutbs are yeljable &0 wnthi ‘about o factor of (10). .

From New'bik fo. LosAnfles, - _

The distunce between thece two Crfies 10 abed Rooa wh's :
e can thot each step covers about (2 £8) and (Lui 52608 o v
L & .cm-?tj . . N

- e ;}{f&# = 2500 Stepsimi , - o |
. . . 2

- aieps :(3*13 mf)(?*E#lE?E{‘e{'&!bﬂf): }.Eﬁmﬁai-eps v i Steps,

Eshwodte the numherﬁguilmnwﬁgqalme usest each yeay by alf

i i cars w the  Unded Siates.

JuR Sy thad theye dre between (2-3) people ] Zar. -
Ruerage distance eachcay trawels peryenr s {6 oot mi) ard gasolive

CORSUn prhaw of (.08 qulfn} then each G dses gaut { Suo ol
Total Em'.-ium?'hnb'} IS ! Epp 9dlfyenvy m-ﬁrmﬂ'&ﬁ_f;-h I 'i.gﬂalﬁlﬂligc:ljjr

£X.4 Estimate the pumbaf’n-{g Steps o person weuld take .wnik@

Mo- u‘{?P:uPIE 4 Mo Unided stades 2 28millon, Mo, o cavs = teom

-

T




Chop. 1
EF [a

' Et’ﬂﬂl.ffmnt Fﬁ UYes .
: When Ceyrfam r:r.lluwtﬁle_% oy e mEnjufecJ"ﬂ}-,E
measured ydiues are Kogwn only to wihi the bmds o€ Yhe
expevimentel wacertmmity ke yalue o Hars uw v:tf{'mmtg Cof
dfpﬁ‘nd’ on Vdrious factors ,Sach as e () quality ﬂ"‘PﬂEdFPnrq{u
52 the okill of the expevimenter, awd @ the mumber of the
memsuvewents pevformed ‘-
Aiv T olin PIE a-F Siﬂm‘ﬁtﬂht :E:ﬂur g5 . -‘;LLPPE.SE that we aye ol s¥ e
na laboratory experwment to weasure fhe ared of o computey disk
lake| using owmeter Stick os A Surng \WWETrument- [T The fﬂ@{,
s wieasared (o be(5.Gow) ond the acturmcy te which we can
WGz UTe Hhe 'lfnafh € He label (5T X ot cm) .

Toe length fies between (Suf Qmyand (S.6cwm). (Ehne labe] width is
(&t Cm),the acfual yalue Lies bebuween (6.3 cw) and (6 S - Thus
WE Could wvde e measured Ualues oo (5.5 Lol )cwm and (¥~ tita
Cn). The areq of 4he label rs { 5564} :'352&“1_, 1t s taken
35 ( 35cut). This valye Can range between (54 x 63 = 34Cw)

ond (5.6x £.5= 34 Cw?),

Rule

”UJhEH muH:rplL‘jm <eyero | ciuﬂhlr:d't&g SR v ey q:ﬁ? Ekjm’ﬁ‘canf:
ﬁjurts vin the Fual answey (s The same tathe number of Siynde

venat :ﬂjures wy The ﬂhkﬂxh‘ntt't-] baving the fovle st viumbey d‘ES'{jmf-'Cﬂﬂt
'ﬁ«ﬂurﬁ'&. ,ﬁf‘ Sclme TUle El.[::phfs.tu \szmnﬂ‘i 280 mg.‘ﬂ oY '””E’ﬂ bt
lse Et‘aﬂxﬂtﬂmt "ﬁ_ﬂurﬂ'.ﬂi.

Ruie

When umbers are odde] av subbmcted, the nuwber pfolec ma

places fhthe vesult shenld aqual the Swollest number of decumal
eces of any Levm e Sum’,

Gencval Rule 1§ He |ﬂ5{‘d=34'fdﬁ:pf@d ’s gycatevthan {5) Hre last

dwt vetumed s te bie mcreaged by {4} 1€ Hhe last chigf dvoppeed |

J1‘5 tess than (8, fhe |ast aligt vefamed vemans as rt s .

W]




EXGMP/BS - CAGP-4 —t
ex-l selve ’“1& —ﬂ\low@ 'to covréct Sig ceawh f;jwﬁ?.s

@ 966416237 =2Y4.g9%F = 2439
(o) F-24 4 A\ 40 0028 — (8.383¢ = 1%38
3) 7.93F-5-45= 2.S3F = 2.54
) 29.w2 —2qq—ao\2:&o g
(C’_) 3E%10°- 2-bx16" = 2- B 0 2bx0 = 3. S-x\o ,?-leo

-2 solue e #[{awuy to correct s’gmﬁ(‘qu’t j%tmé’s

(o QIO-—S\ = 38.\8 =3¢ 3
b) 5020 4 b Blxieb = 0-8926= Lo \7‘]*,0 102316
© 43322\ =UHgo9Z = 4g

(@ 632 % 31698 =UP2oFey = Uh2

X3

~The |enath | beadth and thicknese efa rectomguley

sheek Fwetal ave L23Uw, |. 6o§m ond 2.0l cwn

YCS?eO‘:W'e:) Q\\\}B%C arca -and Uoiwe cyg e Shéds
Ab coneeh 53\(\\%((»\ ﬁJuYQS

f= 4231 wr o= Leoxwm, [2 2.0)em = g.020] »
Teto) aveel ()= 2.(Lb + bh+Lh)
S=2(4. 234 % 1005+ 1.00S %0.020] + 606 201 % 4-224)

= 81209478 = ¥ 72 m 2 g
Noluwe V= Lxbxh= 4\2344(!009@00’2,01

- 008§§m ;




| Shop-A

2 a|L
Lexyy ~
Cal\Cw, ‘H)(’ e\veq 0‘(0 Civele W Q?P(o'?ﬂomfﬁ Y\Umb(’r
amFicant Agures \Fahe radits s Topgim.

S

o*? S\i
@ Y= o-uShm a(&ta‘f(ufclﬁ: Ty =T (o‘qg)”'

2063595 = o-b4m?*

ex. ,
“ThWe. Wa s anm’oOJ‘} i< 2}—}2-73 ‘Olnel s volumé 1I's
242 cwd. Cacllate the density of the substunce upto

G?be?fﬁd-e $L9nﬁ€Car\'t numboey

e 2472 Nz 2Un2 Cm> xa’eﬂSv‘b (P) _m| v
@<= ’2A2~33/} U2 = 100289 .= 10,0 glew3

€K-6

Tnan eXiwent fo measure Hie fiwme lod ofc\S\ A
PMWM\)' the fint pe\n'oc] wds founcl {:n‘og&.{&ﬂ%,zs b;t,d
232,163 and 2-60)second '(esgsctw@b Detervve
@ tvue Value ofthe fume pened.

_ _hihA® ks (c442:6742F242.632-49)

| = 2635 2 , &

J@ Abg vkl Ualue o enveYs deRPevent wmeasuremen

Sh=(2-63-2-51)=6:095 Bz (2.63-2-67= 004 S
T2z (2-63-2:42) 200098 BTy =(2:63-2-63)=0.0&
~TS= (2~ 63—-2-60}: 0'031 .

ean a\osoluff eYyoy = N1z (o.o G[.k.o‘oq.\.o.o‘\-\-o\oh.og)
—0-0§ S€c 5

Re\adive exvor=B T T =q0l |2-63=0.0\9 = 0-02
?cfcev\’mje ey =0.02x100225,

...,
B Y

=




- chaprd oL - e

ext
T’ﬂ«e (e srstance e’Pq tonaductoy tsjufen 493 R-—\L,

where v= {200 1S\, and T= (2otoy) A Calculate

fotal eyvey n R.
R= NI , BRIR=N/v4 pL|T

Pev(entage exfey \p £ (s BR B xloo= —Q\—'*IUM %oetoo

DR/R %10V — ( *M(D A {—-2"’1— ;5'00)
J =lgs AV )= s

ex-%
—The side of & cube i's measured to be (55Tt ol)em.

Fwnd Hie Volume of Hhe cube.
150‘“) 3
0= CSH60 am , V=032 (§5)L (K370 6htiad
\l
B3 B o s VAL = a2l x b= 0T =) cud

<Nz (166 4xa.) Cu’

ex -4
A Ca?oc,v\'ov m? the Ca Pattance I's C= (2.0x 0 )MF

chavae)to A Ueltage (?.o so02) V. wWhat (g the 2N

On QQPQC,\toY (

=8 -6
=CN = (2.0%w0 )xZo —Hoox 10 C

SC N N - —6
A 6«+ \, QBQ (2 0—\—° 2 ) h6x10
M?,- 2-4x16 C

Gz (4002 201 YD C




i T-L/t ' C‘l’tﬂP’i

1€ex:\0
| e diskance coveved bya bodyinhwe (0T 6. 6) /% (om0 6. q)m
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Mot on in One _I%ur_egﬁom |
Particle model >
A Pm""l'clc 1S Yl Pow{t_ ke Objec‘t that s di alejcc't' u}lpa masg
buk having infinitesimal g ze” |
metmw\?le ¢ to describe the motion of Hhe Earth avound the Suy
we can tveqt the EavHy as o pavtecle and obtaun reosona bly
alluvate data about its orbif . : ~
This approxwation s justdied because Hie vadis of the arihs

orbit is lage Cow.f:aregl with the dimengions of the Eqviy and
he Sunv - -

As an exdmple on o much. swmaller scale, it is possible to exploting
. the pressuve exeyted @ ogas on the wadlls of o Contonver by
wreatng, the gas wol ecules as particles, with out reqard for ‘fh%
tevnal shaucture of Hne molecy les , :

To.describe the woum: object as o parhicle we can use what i's
callec the (particle medel).

os e locdy a <

The mebion of a payhicle 1’ Cample)te\lj Kviewn (£ithe pavticles
Posstion m_spoice 15 knoum at dl| times.. A particles poschioy is
* the location of the particde with vecpect fin ch osen refevence.
pomt that we can considey 4o be e otgv.of o coovd tate system.

T A
|




P)SI{'((M °eﬂ\f ay of yartous twme

Posthion t(s) ¥(m

A 0 30

B o 52

C 2 3%

(®) 30 o

E Lo ~-37
F 5o -53 ¢6¢<£_ |‘o -042&% §o >
dou 8 L9

consider’ Cay wovng loack and Fovth alony Hhe X oS as \w
?ﬂurc CZ.\!G,) Ahe cav (s of (3om) to the right o a road Sign
whach we will use to \‘Jen‘l’.\fg the re#’evencc Pos\‘hm (A=9).
(Assume all data are Knogn to two SSmﬁ‘can‘t fiqures), The
wihal position s (3v0 3 l0m) 1£1's wiitien w the simpler forn,

( 20w) te wmake the disgugcsian easiex 4o Follow. we wilt use
Hhe Pavhde wodel @j \wJenEl'@wg Some va\t on the Cay,
pecheps the ffcn’t door. anel (e~ :

we vk suy clock and Once €very (1o s) note the cavs Pasmzw.
Ye‘.d‘\\\le to Hhe Sign at (R=0)-

e cav woves to the r\j\d’ (Wnch we have defived asthe pos\‘hve
o‘\ved'\oh) (ﬁeram A to B),-(rhe cay 1S back.\v&j up -@roW\ posﬁwn@
ﬂwows\\ Pos\‘\\m @ and the cr contmues m°\';‘13 +o the left
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and s -wove than (Som)te the left af the Sign when we
step vecording wformation s as shown " %uve.l‘t Vs called
(a Posd'wn-ﬂme, 3mph)-
The d\'splacemw’c o apar’n‘de is defwvied as *its chay.je X
Posd'ton w Sewme Tame wtevval 2

Axg X‘f-.)( N
Bx=displacement ov change n posttion of the particle.
X\’;w\\ha( POS\‘hOV\ ; Xf= '(mu\ ?os\hov.
LE X 7 %1 B is postve, 1 Xe<x; 75x is negative
D\:;PlaCew\emf differ from olistance Hyat ( ohstance (s Iend% "16
a path Followed by o particle).
’stplﬂcememt I's an examplf. of o vectov clucm{'\i‘y. Posttion,
veloorty and accelevation alse are vectors. Ingwm( d vectaoyr
c'uom‘c\‘fj veyuives the sPe.aﬁ‘cuhoh of bothh olirection andl
mqgn\hde - By contyast, o Scotlay ﬁ“““t't‘) has o numeyr col
Vvalue and we direction.
Distomce s o swlay quantity and i+ is always vepresen ted as
a pesihve vunbey winle displacement can be etuer Po.sxﬁue
or negative, — )
The average velocity (Vy)of a pavhele s defived as(he parheles
olrsplacemcnt M olwided by the fime wmtevval ot an@ w el
that displacement occurs).,

—

DX
=g .
The untke o € () vs(mls) m STunits,
The avexoge Ve(xrbo‘fq pdﬂ'tcfe mchQj M one dweahuu Can be
posthwe ov negative ofepmdi@ on e s 19n of the da‘stacemeqt-
The hwe wtorval (at) (s alwdys pasdive The slope ofthe line
between the pemts () avd @B on the poschion —tume graph n
(Fg 2.1/b) repvesents the vatio (DALY which s ofefived os
: &N)Cﬂﬂe Velea ‘l:y).




—regrthe ama@efudoe‘@zagﬁ-mw<hdauaw:@em&@.mel@:@;

Jy= 62-800" = 2,2 m|s
(lo-0)S

The forms (,;Pccd) and (Veloaty) ave m{’«chavg edble . In physits
| howeve, there is dcleay distnchon beturesn these fwo quawtities|
The (avernge specd)afo\‘pavh‘clc  d scalay quantity , s oefived ds
(+he total distunce traveled dwided by the total f1me vaterval
Tﬂlulrm‘ o hrovel thod disfunce).

e speeel = tv‘mlol\s’mnm/-&o’ml.ﬁme |
Unlike awermge velocity, average speegl has no oivechon and
hence cawymg vo algedriac sign , they have the same unifs and
fhe wagnifude of the average velocdy s net the avvaye spead.

4

@Fmgl Hie dis placement, average velacity andl average spee
of Mae Cav™ n (&J :M/Cl) between Pat'wl‘s @qnd“%~

&y

Frowm the posiion —hume raph given i Cﬁj 'z.l/b)nc& 'Hna}f.‘
(xn=30m)ak (tn=0) and that (Xp=—53w)at (te=S05)-
Bx = =53 meZBom==F3 m displacement «

-~ NNy Xe-Xa _(53-3o)wm _E3m _ |, )

To calculate the avege speed we v eed ﬂ.e.cgmpld'e dedeuls olboaut
the distance between the pomts [£rom @to @ v's Lz plus Frowm
@ to ® v atotal of [27m)

averdye sp&é: {23wm /505 =2:5m s

Tnshant anesus Uclocdgj omol Speed i) |
Tk s Hhe velocity ofa paH-tC(e ek o potﬂ'l‘ca[cw mstant 1 time L
Consuler ( £¢q 2.2/a) which 1S o ve Produchun ofthe graph (beg
{ 2.1/B).The slope of the line (AB)represents the aVerdge Velocdy
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-for%e m{erud a/un@ Which the car \MOVCJ ﬁ«m f’°$‘_4‘°" @fo

POS(‘hOH @s
KC) (Fg22) ©
6ot
(8 ‘
O Ho
-20 ’
L ®
.-Zj » t[5) @

19 20 jo 4o 5o

The .sloP.c.a‘P Hhe lue (AF) vepiesents the dverage velocdy of fhe
wterve | aluvun\j wWhich it moved frow @ to @ Which of thege
hwo Jwnes oo you Hhnk i's a closer approXwashon of e sn o)
velocvky ok the car?

The cay sturts aut Ly woviig fo the vignt (positve direction),
the value oPthe avevag e velociky during the @ to @) mberval s
move vepresentative of Hhe wnihial value thon s Hie value ofthe
{ owvevage yelocity divg the @ to (Flimteral, which rs negath ve(egl)

Now let us focus on Hae |mc and shde Pomf@ 'f:oq*ne left
along Hhe cuve towdyd pomt () us 1 (Fig2.2)6).The line betuween
Pom{:s becomes 5lf«ePer and slf’cper and #SHe +wo Pom{'s becaue,
exblfmeb Clote fgjd’hw, the lve become s a ‘f’dbsevft lne to fhe
cuwe-"The slope o Hug fangent line represents Hhe veloaty of
the cav gt the moment we stavted taking o‘dfa,dt Pomt @) -
e mstantaneous velocity (%) cquals “He hmdmj Velue of
the vatee (BX/AE) ag (at) approdches Zeyo”, .

[Mo%f L fhe Jl'sp\u'ce-w\eu’( (bx) also o ppYecicheZero as (st) qufoddcc,s
Zevo, o that the vato looks hike ofo. As (8)) and (AE) becow e

: I

smallev: and smallev: the yato (Ax/nt) approaches avalue equal to
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jﬁgﬁzsla'ze.—.aégﬂo t&nt:bwt&ﬁ&@:%%&-ﬂzm]r: S

\f = k&.—m-’o =E _
Tis hwek v Called Hhe denvative of (X)with respect to (£),

wyviten (dX/Jt)

Ny = liva X

Twe msl-ung:?ou: velocity conm be posthwe, negahve or Zero . '
Refore Pom{:@ e cav Is WouIn9 to wavd fa(gev Vdlues mPCx),(\/,()
I positive so the slope i's pesite.. After pont @B),Wx) r's maa_'hw.
because the slope s negatie, the caris wovin fowavd swallev
valnes. of (). Qf@,ﬂ;c slope and the ms}'thmfous velocity
are Zevo, the car js momentan [y atvrest.
Twe 1nstanfuneous speed of a purticle i's defined otsthe majnrﬁoJJ,
b s mstontoneous Veluc.dj. Lt has no direchion ongd hence
Cawies ne olgebraic Signa.

fov exawmple € 1 € one particle has on mstanteneous veloaty of
(+3s W‘-LS)OLWE agrem line and anether particle has om
ngtantoneows Vﬂoc:{g of (- 35 |s) along the sawme hve ,ladﬂa_
have ot.spce,d of (35w [S).

e Can use the wovd .Veloa-l—a to Jes(dmd:e instantanems. Vclaay,
USRS W . MBS 4 - speed.
A P‘M"‘"’e MeesS alovu He X axis. 1ES Pas:hon Vanes with tume
occovding o the expression (Xz - 4t-+2E7)where (X).is in webos
avtd (*L') 'S n 5c'amo|s.770f po.sthon—twnt 3W\Ph I's Shown \'m
( [ 9 2.3). Note that The particle woves in the ngai:iw. (Wolrecticn
for the first second o wetum ) IS women l:om!j ab vest ot the womenl |
€= 15) and wovrs in the pasdwe direchon at twmes (£5748). %
@Do“b’rmme the oisplace ment of the particle . The e intevvals

(t=o)to (£=15) amol (t=1s fo t=35)




= e - —={0 - S —
Dunug the fivst tume wievual, the .g,h S T T
| Jslope s negg;f'\vc and hence the & ‘ yic
average Ueloa_{y 1's mc'th;/e . J
Thus s we Knowy that Hae 2
displacement between @) opd
€& wust be qufwc. The. -2
displacement between B und 41 i W] .

1  —
s posttive , £ ozdp=0., . (hg2.3) . £
te={g=1s apd xz=tyt-4 212, caal3 |
BE o = Kg=Xi = Xg- K= [0+ 200 ] ~ [= 4(o)r 2(0)’]
TC s —2m behueen oo and £ 4s.
Between t=1s And t= Bsr-tie -68: 1e awnd (;1e= éD:&s "
=4 8w it
) caleulate Hye average veloc ~duving these two Fine mfaquli[

In the first ome mberud | \ﬁfhe):éz‘%’_s:{&:i'xnﬂ ::%% ~2mls.

Mthe Secund fime wberval M=tp-tg=3-1-25
\7;((8_,@ :-A‘EB-'ZQ = Zm/2s = Ymls

@ Find the tnsfantanequs wlaafj opﬂacparfrcfe at@:z.ss).
Soly) By weasuring the slope oPthe lne ot (£= 2.5 §) we Fud Hat

Vr=+6wmls :

Accelevotion

When the velocty o-.oupqﬂfcle Changes with f1me the parhcle 1
sad tuv be acce(emhvg . How 4o 7uaufa acceloyoution €

Suppese an object Hiak can be modeled os o partcle movng along
the X ol hogs an wihal ve (oc:{:y (Vxi) ks 4ime () anol - ot Fimeld




velocrty (Vee ) ot Fime { Le)as shown 1y ({3:, 2. 4o,

=N w Shembom coll <
%X R accet ot

. . 4 FN, oA—
A cay wmodeled as a pah‘-‘de A J

W\o\h}\lj d’oqg f‘»e X-0x's ffow\ \zioa{\j 'Aflmt" fpaph @
@ o ® - bt= tg-+, the lope o fthe hne w (fig2-yfb)is the avergq
dccel eration (b\lg:\&g- Vi )»

t

The average dCCclt’fd.‘l‘i;) (ay) of the particle i's defined ds (H e
d'mje. w Ue|oc:b AW dwided *gj the time wterval ot dur\'(\j
wimch that change occurs)- ‘

- < #y-
Ay = -E-E-\l" = —f;—J\& .
A f- £
The ST und of acceleration Cs (mls’). .

The mstantaneous dceleraten rs defined dsthe hmit of the
averdqe accelevaton as (k) approach (Zero). Tt is equal to -

O lom B3 - A

That s, the mslantaneous accelevation ea,udls“-Hae olervative
of Yue velocrty with respeck 4o fime. Tt isthe slope of fhe
\lcloc“g _twme S(qph (%e slope of the lme. at Pom‘t' @ \n &3 2-1}/19).
T€ (dy) s postwe, the acceleaton e m the positive (X) divectisp-
| Cay) s negative the accelecution (s n the negahive (x) oirectia
Negahe accelecahion does wot necessarly mean that an okyect
(¢ slowwg down. [f the occelerdton vs neqate end the \velocity

I s V\e\jd‘h\’ﬁ ,'Hlf ob\)’ec:(: s SP“‘[“’\'J uP-
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i .Mhmzﬂugolg&ckes:yeler;éy:é»d;aaelﬂdmaﬁeﬂ-h_ﬂe:sqmer:
divectian , the object s speed.'@ Up ~ On the othey hand , whesn
tue oojectzs veloaty and deceleration are in oppesite directuns

tae obyeck is .Slow.wtg oloun .
~The accelevaton 1's caused Joj force exevted| on the object.

fdrca amol. qcc_ei.rq{-wn_ure botl vectors and fﬁc vectfots dct 1w
the sawe olirection . T+ 1's Very useful 4o eTuqbe the divection of
the accelexation to the olivection ofa force. wie use fhe kym(aaclerm‘;@
to mean Custantaneous occelevetion ) rotnd ulhen we use(dverage)
we wmean (average acceleration). | )
The aclcelevation Can olse be writens.

oS

That ts 1 ene = olwmen swnal wmotion, the deceleverton equale Hhe
second devivatve of (x) with respect 4o tme. T
Twe accelevation af duy time is the slope of the Vebob-{"mc

\(qP\n ot that +‘me~_ Posd‘u/ﬁ \IdIU€S.‘0190lC(e(€Yci‘l'wn‘Carv'eSFu

those pownts v (1‘-’:.3 2.5le)where the velocity v's wereasug

w the positire X)olivection. The accelevodrion veaches a
waXwum af fiwme Cfn), when the $‘OPQ.¢10 the (\ltloc\b ~tHwme
graph)is o maxwum- The acceleraton Hen goes to Zevo af
fune (tg) when the velocity s maxmum (slepe of V&

smp\r\) (s Zevohe occelexation d S n%jahve_.when*ht ,VQIoc.B
I's elecveasing m the poschve (X) elivecfron.. ~ -
Clx ® \;xr @) The mstantanesu s

y

acceleratun con be
t obtawmed From Hie
ta i veloaty—tine graph

C

Wi




\
—)

M(mls

[ oy~
The Ueloc_xb 0’?« ,Ddﬁ"dt 30 \\ e= 20w |2
wWoung alanj the aqx s VAYIEs 20 K’ I ;
h fme amorcfn@{-o the lo .@

t’xPYrssion (\Ixs 46-5t%)mls, < {'@'
wheye (’f:) I's sCConol_s. -0 D

) F‘-"‘” the. average d ceelevetion _20

mthe fme witevval - -20 ' |

=0 4o f=2.05
L *(Fg.2-6)
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tr=ty =0 GHJ {'F‘:és:: 2:08.

Vx g= (40-5{:;'% [MLO)’jmls'anwls

Vhg= (40— 5tg) =[lo-5(2.0)*]=+20wmls

The averade accelevaton wthe specified fime wterved
A‘b\.—;te- 4= 2.0~ 00z 2,08 IS

3 - We _ Nxg=\ &= ~40 2z

Gx—..'ﬁ—&,&- = f:-_—ti-ﬂ—_,.&%:%\-oglg —lowm]|S?

Debexwine the accelevehan af (£=2.05).

The velocdy af any wme (t) s (\Im-—.-.qo—s-tl)mls anol He
velocdy af any later +me (t+0t) s
i = LU~ §(++aL) = lo = otz 1ot At — 5 nE*
The change v veloctty over the hme mtevva| (At) I's’ 1-

BN = Vip — ki = (~tot st =5 at2)miIs

O i B = D (—tot—Bat) =—lotmls™
Thevefove ot 4= 2,05, Qy=—1@(2:0)=—20m|s%, because the: velocity
o€ fhe parficle s posite and the acceleraton 1's n@d‘h\}e S, he
\Dafh‘cle s S(ownlj dowp - |

| (Nete) : the dverage acceleyation w @ s the slope efthe line
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cpwneuh@ powts @aw:l @ . The mstantancouns ‘accelevation im
(B s the slope ef the fine tangent to the cuvve at pomt @),
he accelevation i this fXample I's net constgnt.

One—Dimenswnal M etoy With C;hs+awt Accelevghe nJ

Tn this case, the duevage accelevation "‘
(Qy) oveyr any 4ime wteal is
wiwey ccally eyual fo he mgtantaneous
acceleaton (dy) at any mstavl withiy
the mterval cmd fhe velo ity changes
at the sawe vate ‘n\ro\wbouf the
mo*mn - TS

£ we vc‘:ﬂace.'(a-x) lqj (0ly) ane fake
(f’t’:ﬂ) Gmo’ ({F:lt)bj q waw fme

N Mg =Nty o e
(), the eyu x> B beconts:
- =

O Yo
o= bt GE | doressin °T

The powerful expression emables us
to dedevine an objectas velocity

slope=\{q

at duy hmt({;)q'f we kuow the abjects | qu cariled
(il velocidy (Vi) anol 4s (ton stant) o) ' i —ay T
acceley ation (dy) . , (th 23) A pavhicle wovin 9
Ln Qf.j 2~7}b)( Uc(oc(b-‘}'\me Smph )/ fotlbcj % axrs with Constant
the S\upﬁ «?*ﬁe S’rmjh‘(’ line s -the uccefqu‘hom Cly

@nstant gope (aly= aYfdt). when |
Hne QCCCRW-\*(DV) (s COV\S'['CWI{', the SYG.P‘O Cr‘PdCCdea"'l(;v\_-‘»‘me. '
a shaight ne having slope oF Zero. i E
The alverage Ueloccky w any fime witevval af constant accelevatin
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pen)is ot Ny SN it appled-only- o (e s anslont)«
The peschion of an olject as afanction of Fme when(y= Xe=s)

ond (pDt=tp-H =t—0=4)is- e
X£-Ki= .\7xt :%Q/“-r \Ix@) tan K¢ =Xi+L (Vyi+ Nxp b

For (Oy= Constant) we can abtam andthey useful EXPresSion for
the poscton of the particle,moving with constant acelera tion.
X=Ri Ak [Mait (Mas40st) J£ . s il Lo

X£= x(+Vu;t+%.ax,t’:.,, Eor (otx=constant)

”W.e pos‘hm—{-\me 3rapk fovmohon at cons{'ant(PuSrhut) accelmft(om
<hown W (flj 27]a) s o p‘(abo\q , the_slope ot the tdvgmt,.l..he;

ot this eurve at (f=0) is equal o (Nx) and +he slepe cd-any
|atey e (£) equals (\’Kf?j Bt

We Can.abtain an expression for the Final velocdy that ooes not
Conkatia fme -

, - z
X‘F: X{-k%(\&‘-t-\/x{)(\,/%';_\é‘_):‘—\!%%*xs e —

z
Mep = VA ZGX(Xf-X{)J Fov (ax= constaut)

FW mO'['wn ai' Zero accderuhon , We See w3
- Vx#:\/x".:\/x _aﬂd }(f = Xt'-\-th. when Cly=o0
Thak s when (Ox=d) the velocity of the parhcle (s constaut
and s position C.harge.s ,lmcd@ with fime. .
fuese velahonships ave(kinematic equations)thet may be usel
to sdve any Pfobltm mtlol\u@ one—d mensional metion of canstant
accelevation J. .
MNote: fovfﬁqeqﬂ_dtmn_s the wnotion 1s alovlj A axag -
@ A Co\r.{:muelmj ok a Constant SPKGI 0‘?(45“0 |S) PaSSC.Sd) L\
{‘Yoo F(’{

™

e
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( hidden behud o billbodard- one second after the speec/{.a
Cav pagses the bilbodrd, the treoper sets out from Hhe billboa
to catch |"t.aCCd8Y‘abn3 at o constant rate of (3m|5").Ham

lon! does ot take herts opertake the cay @

>z &

Rist, we wnte ex pressions for the pusiion of each vehicle as q

fuvd(on df%mc. Tt vs comvenient to cheose the Posd’wn of Hhe

billboard as the oY19n and to set (fg:o) s the time the froo,oaf

[ begms weuing. At that instant, the cay has already tvaveled o

distance of (Y 5.0 w) because (thas teaveled ot o Constant

ﬁ?eed o‘f (Vg: 4500#)’5) %Y 1s (tn.-_-l-OS)-Tims the mitva )

posthon of‘he 5?eca|w5 Cay (s (st 50 m).

Because the cay moves with constant s peed,its accelevation s

2000, The Cav’s position ok any time (1) for (ax=0) is 1~

Xeay = Ko V% cayt SL520m + (4S0m)s)E

At (£=o0), the mihal pasition of the car when +he trooper begihs

to wove is:  Xepy= Xg = U45.0m

The position o€ the trooper ot any time (£)is : Ap=XitWgtadOf £2

XMW:O-{- (ot —r-g- (300 m [g2)

At the mstuvt when the Troopey posdion wathes that of Hie Covy
Xt‘foovcv = Reay

#(Beow| D t2= 450 4 (4S0mIE = LEot2lsot - 4Goeo

The pasitwe Solution of Hhis equahon s t=.3h0S ..

When the troopey had g more power ful motorcycle with alage deceler-

—ton, the twme at which He trooper- catches the v will be less:.

ot~ T Xgs= y f= — Vaear 1\ e ot 2 & Xg
: Myt =Xa=0 wfp t= — a6 =

O

- =Nxcay *’nggm[ ™~ 2X;
Cx az
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[Fely Rlimgobjects | T

Afﬂc\ly ﬁ:“uﬁ objwt P a.njoh_jfci moub\oj g*er:,b undey the. leluMe
a‘?gmvtb alone,wguvdless of its witha) wmotion . Obyects Hyrouwn
upward or elownwavd and thase veleased Erom vest ave all Eallijng
once frecly theyare veleased . Any freely fallmg object expeviences
an dccelexation divected downmward, reqardless of ifs witial motion,
The wdg nitude o e (fvcc-fqll.\ accclwu‘hom)lgg the symbol (9).
[The value of (9)near the Envths\ surfuce decyeases with mcy.axsl.b
altdude. pt Hie Earth 2s sw&ue,ﬁ Value of(9)is> 9gom sz |
Fov making quick estwates, use (3= 1o mls?). If we negleet oy
vesistance and assuwe that the free- fall acceley-dhion does wot
Vavy with albdude gvey short vertizal olistomce s, then the
motion d“fﬂ frec\lj #’”;{“j abJPct mawy Vtﬁﬁtqgj 'S €1u:’va(lemt
fo motwn 1w one ehvechon undev Constomk oicee leroton « |
We con use the (Kinewmake equqftws)-wffh the wody focatom | ¢
that the motion g nthe verlical divection (Y-clirection) yather |
Haan n the hovizontal divection () and the elcceleadion i< olown
and C(Iﬂdl (q.somls’) we chooge (a < —ﬁ.&bmls') lhen ‘::t
SN iheans that Hhe acelevortion of o -gmdj -ﬁd!w\xj akject is
dowv\u’d(d~
A stove Haswn frow o top of o building s gwen an witial velso
of (20.0 ms) straght upwurd The louilding (5 (Saiom)high, onel the
Stone just wnisses the edge oA the roof on its Wayelown as Shown i
(g 2.8)+Using(ta=0) osthe tme the stowe leques the throwey s
havd at posdion(B), delexwine @ Hhe fwme at which He stone
yeaches s wao wuw height © the maxmmuwm heght) @ the tme ot
which the stene vetums 4o the hewght From was Havoun, @) He ve locily

/

o dhe stone et this mstout, and © Hhe veloesty aud posthion of the
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T&w&#&:&ee&)r--"‘ﬂ P
i "ﬂ:o '3”::0
@ osthe stone travels fow Yy s
@ to® s velocry wust DTN S97 ]

- ce
wc.hw@e by (20m]s) because _T- [ ¢ @ 3‘;.;-‘:0
it sto ps akt @ . P_,:cau.(cgmwfy Q) ; V3C= —200m g
Cduges yevfcal velocihes to £t Ayc==9.fowm|s%

Change by about (lomls) for (/ El + (@ to=swes
Cvery SeCond of bree full, Som ol JD= ~22.5m

( 3] Vyo= ~200mis
1€ should fake the Stone about, / / dyp ="'°’~’b'"l$z
(25) fo'ga From @ to & n e v
ourdrawing . T6 calculate Hhe s te= 543 S

(

exoct +ome we use — 35::5""":',

Yya= \Vyp+ djt/\ﬁs:"t Eh=o -L;?77J‘-77i G\;'s:;:‘?ti “'[fsl

0= 20tomls 4 («F3omls)t Ptz teg =200m)s[q.80m15%
£8=2:043

® Because the averege velocty for tais Bust wlewal (s (wts

= lovnls) and because it fravels for dbout (25),we expect Fine

stone to travek about (2om). |

| nax=Yg =In+Veptad Aytis o (26 mls)(2-04 5)+5 (GIom|s?)(21045)2

=204 m

©The twme needed fav the stone te 90 EromB) to €) should be twrce

the tume needed for it to go from (@) £o ® -

Je=Jn+Yspt4 204t = 0= 64200 t+ L (=980 m| 3 £2

There (s two Saluhewm |, t=o M$Fonéwlj to the hme the stone

starts s wmehon, and t=thots. potice that te=2tg -

@ Mjc=Nyp+ Ayt = 2010 m|s +(~9Bom|sD) (468 )= —20:0 mls .

The velocity of the stone Whep (Carnves back at s ongimal 4«3%

(s equal in magmtide 4o ks mihal velocrty but oppesite 1ia

C!WCCHDVM
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€) we ignore the fust part of the mation @) @) Pourt .@/l?fn%cl
lh\'&'l'a' P:Sl“'lCM (fgzé, VJB;'O) .
Vyp=Yg+ Oyt = 0 mis+ (~9.8omls)(Eoo-204ps) = 29 o wls
when We veturn fo ouy orﬂjmahn_;'{wxl time (tp<o)t ‘
Yyn™ Uypt Gyt = 20omls+ (=9 BomdsD{(5008) =-2%0 m|s-
we Can use diffeveut (nihial mstauts of fimeto Eine the posihion
o £ 1he stoneat (tp=5wos ) with vespectt (£s =) by deg:"‘;\\j ot
new mhal anstant (te<e) -
Yp= Yot V_gc,f:-{%q,f" =0 +(-2om|s)(Goumly W08 Y5 +d (Gurom Is’-)(S.oo-q- 08)2
J=—225m- ~
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— Gz
\ectors
latas text we discuss the addition and sub tva ction of,\/t'c:f'or
1uauti‘l:ws together With sowme Commen applications to Physical
Svtuations. - | @
Coovdmate Syctems 1

Cartesian coordmates (i which honZowtal and *3)
Verkvcal dxes mftvscct at o Po.mf chmv:d ds he / 4
ovg\n)a.ve also called Crectomgulav coordmnates). i A8
Somefimes 175 wore comventent {o vepresent V G .
d powmt 1n o plane by its (plane coordwmates v, ) Swe=Ylv
as shown in (.fg 3:1/d). (Y)is the olstance atelod e |
£rom the origm £o the pomt ‘wav\g Carfesion
Coordmates, (x,y) and () s the angle between (fga-4) .
d line drawn -eum Hre 0rigm fo.,ﬂue pom'l‘ omol o) .
foxed axisa Thes Bixed axis s -usually the posvefolxis) ang ()
is usaally measuved Counterclockwise frow 4 -
- K2¥YC086 4+ Y= ysnme , ond v= XZ4y2!
he Categian courdinates &u.pomt mthe xy plane gye x =
=350 W, fmd the P.olaY Coordnates ogﬂgs pomt . Take Y==-250m
(Soly giiill .
‘r—.-:\l:{t? :\’(—350)"‘}.(-—2-50)7' =t 30m = —
'&O\VIB'-'-SIX - —2-50m/—3‘50w\ = o Hy #93 ka;‘ ot =P b= 2!6‘..

\}ec{ov and Scalay quantities ]

A (scalay quanf.':b) (5 Cow\fz\t‘)% Specified fq32 ®
by d Swgle Valye With an -apfropriate "“)\/'_/\}
uat and has no divection . ® e~

Exawples of scalar quantibies owe (volume, speed, £1uae, s, bemperatinte)]
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(Vech:v quuu(‘i{j) s completely 's?edf\d by-d nuwbey’ ancl dppropriate
anits Pus adirection. Exawples : (wind Velo by ,o'i'splucmcnt).
Suppase a particle woves Leom some powmt (Ao some pomt@alory
o &qukt ,'Ja'“s as Shown tn (&3 3.2).we vepresrn{:%\s Jt'sflacmeut
Izj alrawug an olfyow Prown @ to @ . The olwec{‘wn of the arrow
head represents the dvection of the s’l'spla(emmt and the J(’;Uﬂqof
Hie avrow repvesm’cs the maqn rtude of He e}fsphcevnen’c 1€ the

pavkicle travels along Some other puth from @10 (B Suchas the

(boroken lwe)-its a’i.sFlacemevnt s shill the drow dawn from(B+@.

D.\‘splacemcmf dlepend s only on the wmhal and final posdwns, it g
mdcpendeut on the path tukew between these fwo - powts.-

/

(
-~

nay be clefined to be equal (£ they have the
Same w witude dhd Pomf m ‘“19 Sef_\:\e J'Vt'd\&“- ¢/ / - X
That s =B ony £ a=R and A and 2 /(Flj 3-3)
Pomt' n the same diveckon along pamlfe( lines . Il the vecters 1w
(fi9 38) are e7ua! even theugh they have dflerent -s‘mh‘@ pomts

Hus property dllow us 4o mive @ vector & a positon parallel to
itself (n adggram wethout u?{?er_h'@ the vector -

some. properties of vectors xf / /

fox mauy purposes fwg vectors -A.and B / /

re

P

BI‘

: b

Addwng Vectors | ( gfaphical wethod ) )63‘®

T addwector B to Veglor A #wst olvaw %2 =Y
vector 7\, on Smpk lancr with ks vmﬁm{'uclc

| olvaw. Vecter B tothe sawe scale with itstar| starh

&om the ,f;ff of T&_’,qs chown w G\ﬂ 3y« The fesultung vector
R=PR+r rsthe vector drawn Lrom the tail A fo the tip o€

presented by o cowventent length Scale and then A (Fy3y

i’

. Qgeamd:ﬁ‘c condhruchion can dlso be used 4o ddd wore than
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two vectors, as-shown-wn-(£i9.3.5) for the cuse of fouv vactors.
R is the vector olrqun Erom the tail oFthe fuvst_\_lfc.’rov to the tip

atthe last vector-. e o -
whew two Vectors ave ad&d,ﬂ\esum R . (F:‘_')S-Q
's mdependent of the order of the additin, | g :

HC.'OYJCV' s m«,P)f{'aut Wheh WC‘*’DTS oye A ﬁ'

iulbcplied « This s knoww as Hye Commutatve -
lqw addihen ), f'j 3.6 . — B E.
-A+€= g*ﬁ ) R:ﬁ-\-g: B+ A

When thvee or more vectors are added Hheiv sup ﬁ'( F93.6)
IS wdependent of the way m which the wdwigluad N
¥

Vectors are Grouped toqefher.This s -
Called (associative law of adelition), ye é’

W#@:\-C ):(F\:-B,)-q-c : é e A
5 2 (hg~P
Negative o-fo\Uecfov

The negatve of & veckor B is defined &5 the vector that when
added to A awes Zevo for the veckor sum . That s Ax (-7) =0
The Vectors K and — 7 have the Same wajm’md ¢ but Poniot v

opposite dwecton. Sfo Aoy
Spgobhdctmj vVectors @ 7 SRRET Q?‘
we de'Fme the OPCYuho.n = oy
T\'.-—B’aé.wdw_.'é' added +o C T AN S
seckas ERT (rgzo

A-B =Py (-8) . ,
The geometac construchion for substract ng two vectors w this
Way i$ illustvated '.“(‘ﬁﬂ 3.8) - A second way o#-looku?u at vector
Substraction (s to note thdt the difference W;g v A
vectors B and B s add 4o dhe second vechor o obtain the frgt

&
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(.£!3 34-15}1%& fdtfg&ilﬂce --Vﬁceo-\(»a:@cmis-igrom.-*‘ke-.-:‘ffrpwﬁ_-;.. —
e second vector to the tip of the fieek -

Mulkip\ymg o veckoy by dscdlayr

1€ veckor P 1S mulbiplied by a Posd-we scdlay quantn'*b (m), then
+he P\roo‘ud WA I's avecksr that has the sawe directionas A
and wu&gnd:uk (mP)» TE vector Brs walbply doy o mﬂdtﬂl‘?—
Scalay cludwhlg (=) he the product -mp & dect ed oppe site-

Com(’oﬂtnts of o vector and unit vectors

T‘\e\smf)ht‘ca.( mc‘l’lwd of uddn@ vectors ts
et vecommonded whenever high accuragy (s
vequired or Huvee - dwnensional proldens Here
we describe d methed of adding vectors fhat
makes use of the Prodedwhs (Components) of
the vectors.. fny vector can be completcly
descrived by i+s @mponents- vector A w the
%y plane Winch making an arbitrary ongle (&) T —~
with fhe poschuc X-dX\s (-ﬁg 3-‘1[;3 cav be.
expre_sgeol as the sum of two other vectors Ax o 4 mEm— P
aind AS‘. From (ftg'S-C)/L)'fhe 1“‘9‘&_':6 Veckore form Ax (Ej?»‘l)
a right triangle a-vlol ot A= nx*z& « Component A represests
the projection of A ular? the x axs and the ComPonevif: ﬁs repre—
Sents the projection of B along he Y axis s These wwmponents
Can be positwe or negatwe- from (fo93.9) we seey Ax=AcCese
and Ay= A sme - The signs o the components Fx ool Ay
depend on the angle (8). for example (6= )20), then (A 13 negative
aval (F)) 'S posdwe  LE(8=22¢%) both (H)an;d (93) dre nsﬂaybu»e,s
A=\NAZxAYy O=tan' Bpx
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W Note . when We gre u)onmJ -d phjsrc.s problew

' —
Hat fequires re.solvnvg @ Vector mto i+s W //\ N
Compona\f.s‘, itis Cu»\levs&nf to CXPYCSS the & ® b
Camponent s 1w a Ceorthnate system having o ves By 1

that are nat horizonta) and vevtica| but ave sk

PCYangl'CuldY to edach other- I (fl\j&\d) vector B makKes ey
angle (8 with the Xoxis . The Components of B’alonj the x and

5‘1&6‘ ave- Bx=BCosé and BS:BSMQ‘, B "-'\IB-‘:{-!-BE"

(Fig 2-\0)

G=tan' (BI/BF)- Y

-

—— —

Onit vectors fyal) ;

TE s ddimension less Vecfor hauvin o
magnitude of exactly (1)

They dre used to speafy q qwen direction

and have no other physital SBm-f rcance.

We shall use. the symbols 1,.,K 4o vepresent
unct veckors pomting 1w the poswe x,y, and z
directions respectively.

(The“hdfs'" o the SYywmbo|s are o standard
f;\oofahon :ﬁw unit. vectors). The unit vectors v )
i;j and K forms o set of mumq.ly Perpendlmlar >
Vectors m a nght-hand ed coordinate system. <

The magnitude c:f’(’ada Unit. Vvector equals (4),
that t<, IT1=1J]= Kl =1,

0 . X
Consider o Vector B dies 11 Hhe xy Plame as shown (Fj 3:12)

n (ftj 3u/b)-The praduct of the com. pom!nf Ax owmd the unmit vector
T s he Veckor Ayl Which hes on the X axis and has magnitucle
| Axls (The vector B3 T s an attevnat e representation of vecto
A%)-Taus the unit vechr for the veckor B r's +

A= Ax Ly Ayd

-
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— The-pomt inthe Xy-plane (ﬁjsan»mfamhe-w&e ol oy ﬂac(?os;{wp
Jecto) which i's gwen by ¥= X1 35 T = poschion vector
when we wish to add Vector B to A, where vector B has components
Ry ond Bj <« B we do rs odd +he X ond Y cnmPonenB SePdYafcy.
The resaltont vector K = Aa B is therefore -
| -gs ( AxTa AyJ )+ (BxT+Byd) or
R = (Ax+B)T+(AyrRBy)S
ReCduse -E:_ Ry ES:;\ we see that the Components o4 the
resu ltant vector cve
Ry= Ax+Bx  and Ry= By+By. ! :
R= VR%+-R%y :‘.»((Ax+&)z+(ﬁd1.a9)?_ anel f.‘ang:%: %3%(
when we wneed to con sidey situations (FQJ ~3.I3)
ln\lo\mnj motton w three Component :
dvechions , we express them i the
£orim ‘Ax?-\-i‘bj.\-p«zf: 3.
BxT 4 RyJyBzK Ry :
The Suw of A ond B [s —
R= (Ax+B)ly (Qy-tw.*(ﬂz-th)la
R=yR% + RYy+R*z ' Rz:' Rz+ B8z
Twe ‘qnﬂle (Bx) that (R)makes with X aXs s found from the
cLpression (Co.s By= .%K_)wr)‘n Sivlar expressien ’ﬁrr%e.anjle.s with
] yespeck to the Y emd Z axes. :
the suwm of we vectars. Band g [ying in the Xy plane and
Juew by 1~ A =(z0lx2:0])m dnd. B = (2.0l t4h0])m
W) Comparmg with gonordl expressiens. s A=AxT+hy)  and
-é:—:. &?-& 83_.}'\ we See thal Pr=2.0my &j: 2.0m ,Bx: 2.0
and By=—Lom

-p =

R= A+ & = (2.0+2.0) Tm (2.0 o) S

As
R=




:;Mﬁ::%@%:&&.—&;}ﬂawrm&a@m;—_:q g
The vm\’u*ﬂdt of Fist R:‘R’s&&b :J(N)’--\-(-Z.o)"::, (Zomz
R=LhEm ,

| The dweckon of R is.: knaz%zﬁ%z—w& _
9;{‘05‘(;0\5) op 6= —27° dtweans clockwise from Hhe X akis-
Thus the angle Lov this Nector vs(8=—27+360) pb= 333 Countev-
| clock wise from the X odtdss - |

ko( besyws a tevp by first walkung (25.0km) seutheast From
her Cdr. she stops and sebs up her tent For The night- On the
second dags she walks (40w Bndun d direchon (60:6° north oLeast, |
ab which pomt-,,she discovers. a ’ﬁmat..rangafs towers @ oldtrmmg#
the components_of the hikers dis placement for each clay -
) R

we dengte the elisplacement vectors on Towel.
the fivst and Second dlays ky A ond B '
respectely, and use the Car as the
arigm of coovdinates.

uge will andlyse thi's PrnUem lQ_‘j usmg ouy
Kmulnge Veckoy Com pon ent.s, :

Dn‘_splacment -ﬁ.has oumo:ﬂm{'uc'e of (25:0kw) (,Fg&ll{)
and is olirected (4507 below the posie X axs

= A Cos (=145.0) = (250 km) (0F0F) = [FF Kun -

A‘_\j:. A s (-4 5\;) =(250 km) (-.o-'?ﬂ) = |7 Fkw

The negative Sign of Ay mdicutes that the hiker walks v the
vlguhve\y dwvecton on the first day-The second ooy olis pacemest
B has d magnitude ol (Yoro kw) and 1's (6or0) north o east.

Its Camponenis cufe

By.= B Cos6={Uu.0 kw)(0:1500) =20:0Km

Bj: BSmb= C‘-}O-okw\) (01 866)=3h6 Kmy «
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= -@ Detevmine &enm@mmrts nﬁ‘ﬂw&bzkw_i resultaut JISph&

| 5¢cﬁ:s'%mfnp‘ﬁnd the. expressionof R \n' ferms. aRunit

& ey Dwererry
»..W_JQ-;H&-G_ ouslanls 2 b o 4
Rivs Axt Br 2l 77 Kok 2640 km = 3;.7 Jeih

Ry= Ay+By = _ [72km 436 K. = 1.4 q Ky _ i
In und‘-v&;tor form -

2l i’.(s;a-l...w-u)km dond e TR i
s \IR‘**-R&, =t Sﬁ)if(l&q)?- *eh—l-ll'ékm-— uad ~yal

—— ]

) 169 km
ﬁmé ~~~~~ --%?E}E,‘;, f‘&lunl uofﬂ)a‘&e&dzp Aol 3

- o T - — -
- _ — —_ —_——— ‘
- -l Sied . 94 —
> -
- & hg = — | .l
— I S T ~ A — ¥ b | -
-
- — : ~ —— —— -——
- — - S SN S . 2
- Al b U - |
:
|
] |
— S . | , S—
.- il a2
= g . i) .
Py =  — — —_ i
~ — -~ —_— -
8 S i
- e— - :
)
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— e Chap
Motton in IUOPI ) I EnS1oNS

The Posihn, velocdy and dcceleration Vechors |

The posiheon of 4he Par{-(cfe is olescvibed bd g £ T\"

(Posihan vectov) (1), dfdun feom Hhe orgun of
some Coordinate systew 4o 4he particle loca ted
W the xy plave. At hwe (£D) the partcle
s ot fomb@ olescribed by positian vector (17).
AL some later ime (te) it e at pow\l' o
descriaed by postum veckor (¥ ) . The path (Fq 4.1)
from @to® is et necessatily o staight hme s As Hhe paricle
moves from @tc@ inthe hme \nteyval (Dt=tpti) s pusibion
vechoy Chanseg Erom (# ) to ( ?‘;)-
The displacement of Hhe particle is (displacement vector, A ), ltis
Hed Fevence (ocfufr'm its fwal and (ts wital Position vectors,
K=Ve-v i
Tae magnitude of (BY) is Jess than Hhe distance traveled clong the
Cuvved perth Foll owed by the qui-n‘clc. g .
Aueraje veloaty is  F= AAV
J = a\/cvaﬂc velooity that s a vectuor qqavrb'{-_*j dlonj S\‘{ a
Note y the averaqe \le(oc@ between Pom\’s s lv\JePenJmf of the fdﬂ\
taken, because , |t is proportuma | to displacement: wiich olqoe,ud#
anly onthe wmihal owmd Fmal posthon vectors . Y dieckion o
AS a paviicle wmoves between tuwo powmts , (ts T N / T at@®
avevage Veloaty 1's in the divechion of Hie
du'sp\accw\me Vector AV which becowe sumallev S
ovd swiallev as the end pomt of the path rs
maved from @ to (@ to @,and at appred Ch
Zevo whew fhe end pomt o pproach @(Fgl-h?—)- - X
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The direckion of the displacement. appreaches that o€ e lme
tangmt to the path at (B)-The instantuvecus veloaty T is de fined
as (the lmi of the average velocdy B[nb as st approach Zeva)
V= bm 8¢ or v=dr
~ bt=o ot dt

“The divecton ol the instantanesus Wloc\{j Vector ot ony pomt "
o pavivcle’s Fa{t\ is'along d lme (‘.‘ahjev\t to the path m the divection|
Vfw‘:\on. '
The W)aﬂmho!e o€ the mstantaneous Vvelocity vectoy v=|\V| s
called Hne(?pecd)w\&dﬂ 's o scalav quantity.
The avevag ¢ accelevation (& ) of a\xvh‘dc is defmed as(Hhe cka%
i the mskamtaneous velocity veckor N dwided by the Hme
yaterval duving gl.h\dq ‘i’l\\'dk chwe occwrs.w MANE s
A=t = i &
§-Cf v,
A vy t
The avevage accelevation ('s o Veckoy
quav&d'g divected alony AN .
'ﬂ\e.‘olwco\'\w ok &Y s found by udJn\(«J
the Veckor —t (Hhe neqatwe of Vi ) o
the Veckoy \—/.g because bj ol efmakio n
K = e - (Fg 4:3)
The instentaneou s actelevation isdefmed as the (funiting value o

the vako AS/at as Bt oppreackh ZeYo).
. 7 N, & _dv
= stwo BE - dt

Varow s changes Can occuy when o padticle accelevates '~

L)ﬁe mjm’rude o€ the veloaity vectur (speed) way change with tiwe
asm Shmjht e (OVlc..olME’V«SIOY\d\ Mon).

?-)T‘\P ohvectiin o€ the \leloukj Ve choy wiay change Wity bime even (£

I tts magmiude (speed) yemams constant | st cuvved path

_'K
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3) Both the maguitude and the divectiin of Hhe velocity vectoy
way change sinultoneously.-

Two -Dimensional Moten With constant Accelevabion

The Posu"wh vechov fov o parhicle WicVing 1% the Xy plane Can be wrtlen
Y=X ?-\-3»3 . .-_

wheve X,y QMYA Change Wit tiwe as fhe paviicle moves while the unc

Jeckovs Tomd J Yewmams Constant -T & the posiun eetoy is known

the velocity ok the particle (g :

a Ql.f.:g-x—i“-l"é"\"'

b= fiv Gebeslayd

Becau se (a°) s assumed Congtant, 1£5 components (COxYand (¢ ay) dlso
are constants. for Conctant aceleraton sybs htute (Ve =\, 40 t)
awnd (\’3@-.-.\&4- Qlyt) 1n the above €q uakien we obtain the fna |
Velocdy d‘.c\nﬂ tiwme (£) (g -

Ve = (Ve axt) T4+ (M) = (Vi T gD+ (O oy i)t
"\7: —~ \-Z. A0t equ. -(?vewak:, Veclor as o funchon o€ fume -
Tue results states that the velocky ofa pargicle at sowe tine (t)
€quals the vector sum of its mihal velocdy 7 aud the add i hisnal
Velocity (31) at fune (1) ds a vesult of constant o cceleratton.
S(Wu(dVB by using Xp= )(.'-l'\{("f-i-% a.t* D‘hd.&,:j;‘{-\/_y;f'l'% q_y'fz
substitute iy the eqy. Yp= Xp+Yp 1+ We Obtaiis v
Wﬁ »¢ u.oypposzﬁon Vec foy ais #uﬂ&u a‘f}:mt.
ve vr= (Xl +Yid), v.-:Z\{{.’h Uy and ct = [ cly i+ dyd)
r?:PaSu’mn veckol, T =ovigmel position, Vit = d:‘sr’q(fmﬁufdkl;!f;j
Brom the mikal velocity ofthe pavticle and elisplacement (Lo7E)
yesqitng from the constant accelevation of the pdrticle . .
we See Brom ( ﬁj L) fhat V; r's Gemevelly no‘{'q‘o!j Hie eirection’
of ecthev U av & becauge te rekaton shp between teese quau’c\'ﬁc_s
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sa vectoy CfEYesswh-ﬂlsQ g |'.53wfm(1j not along the divectiow
o7 ov A (Vg and Te) are genevally wot wthe sawe dectw, .

4‘( X
Tz“af 15t
@ % : 2
' - 9 : , » %
"—\l:%ﬁ:t (Fg4w) Wﬂr‘wt

The Cwnpumu'l’s of the &fuafums by (—/_; ond Y-; show Us that fwo-
dwnensional wmotion ok constant acceleretton is equivalent o fwe
\nJchdm‘t motions ,One_m the X drecticn qu ONe W %ej Jvrcctron,
huUMJ Constant cccelevation Oy and (‘13 ~

e.q. \ ’

A ;v-h‘de starks from the origin at (F=0) Wrthdn iihal velocty hau:\'r:#
an (0 )component o€ (2om(s) and a Y) compeneyt of (=15 mls). The
parkicle movesm the )? plawe with an X cow Pawcu‘t ot aacelevation
O!\}J %9 (ﬁx:Q.OMISz -

(O Detevmme dhe components of the Velocrty vector at dny fune

dnd the tobal velocity Uector ot any tume-

Tﬁe partecle mou{y th Hwe dimensions with constant accelevation
“The pm'ﬁdc stoants by moVsU.ioward Hre yight and ol owmwayd -
Uy = 2om (S yNVyr=—I5u(s cx= I}MIS’; Ay=o0 b *.K'
Vie= VA Qt= (204 Lho t)mls
V-.‘JFVS.’*("&{': —\5mls+40 = —Em/s
V=, 4Ny 3 =[ (20 +lhat)T- 15 JT mis

v (fy4s)
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®) Calculate fue velocity and speed of the particte at (4= G.0s).
Ve = [(20440(50)7-153 ] mls = (4@ T_18]) mls

of at t=5 second , Vig=4omls and Vyp= ~I5m(s

To defevimwe the ““J'S @) that " wmakes with the K axis ot

| (=805 ist tane 2", < b= ban' HE _pon! (~1Emls) _ _5,°,

X .
»'T\,@ ’ffd rethe mq.c}mkidt.coae \7; _\’:f St
Upt [Vel=V/ U g + Vip  =\(goy+(-15)> = 43 mls.

© Petermue 4he ¥ awd Y coordmates of the particle abany Hime
(£) awnd the posihon ot Hacs fime - . -
Cecause Xizy;=0 ok t=o
S K= Ngrb+ 0et® = (20t4 242 )iy omd Y= Vyrt = (=18 E)m -
e=xXel2 8, J = [@ota2tH) - 15t J] m '
At t=5os. X=18om ,Y=-F5m omd V¢ = (1501757 Im
The w:oam‘l'\(dc }-P*he elisp\ncemmt of the Purbc(e' from the oY1g ot
£ S-U_So. s the g ndude of 7; ot this fime -
V{:—:.l\fg, :.J(!Sa)"-{- (—?5)1 ‘:\7‘0 m .

| preyechle pMotron o
In thistext we use fwo asgsumphions ¢ D ﬂ.c.fypg-'ﬁlu acce levation
(9) s constant over the vange of moton Thett s small cowpdred with
the vadws ofthe Eavth (6.4 x1m)and s direcbed downwarol,2) Hhe
efbect cLaw yesistance s n hquIC.

with Hhese otssumPhons,uJe nd that the path oo ProJecJHe which

we call 1ts (trgjector) ' always a(ff}a balx).

10 show that the tvajectory of u projechile s o qualadlq let us

choose the Y clivectun s vertical end poschve s upwaro( (dy=—3)
as m (one—dmensimal free full) and that (dy=0).Let us assume Haat
ak (E=e) the PYOJec}cfe leaves Hhe eiqm (A= Yr=0) with Sp:to(
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— M) s Showsnovn(Lig bbby (gl
Tue yector V wakes an angle B; with
horZontal , COS Byr= Vx‘-/\/.‘ and S"'ai:\g‘_ ts
Substitubing Xr=o and tx=0,we Bind
that xg=v¥gok 594 X-g_-_(\l,- cosey )t
And oy using Y=o awd Bly="=3
we ooteun ‘-_9;:\13‘-1‘:-% £ Qy b=

Ye=(Visme)t L gtz
when Subgtvhufe €= X@/V.‘Case.‘ we oloten

Y= (fane)x - Gutazar )x2]

Ths equakon s vald for launch -emgles i the yange o<@ <2 ,
ond thes equation 1’5 of the form (Y=zax=bx2)wWhch rs %cenruium
ol a palbsld that passes Hivewy theongm- - v

The pusd‘wn veckoy ofthe pchd'«(e s a function T Ry b-?)

G‘P e r's—

: ff= Vv Ay b4 £ gt= o $at”
le there te no SMU.'tai‘wna,‘ acceleyatton /'H*f-fuvhdc *y)
Would conhuue to mave along a strayght poth s L - \pX

the divechin of 7,

projechle wmotun s o spedial case o-ltwo dimensienal mofron
with cmstant. accelevution (ay=—3g)wm the y elivectum ond wh
zexv sccelevethion i the X divechan. TE s considered to be the
Supexposdien o two motians:-

.DCoV\S{'an{'-Uelomtj mation \wn Hae heriZontal clirection .emd 2)
Lvee-fall motion nthe vertical diection.

e horizantod and Vevhical compenents of o projectiless matien
ave completely mdependent o€ each other.

<&
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VHWlZOV\t“‘ Rm"ﬁe andl Maxiwuuy {fealrt Ofa_lPrq)'é("}lle

W= mchal \beloc‘iy, h= maimum heght of X

the projectile, @= hunzontal vange. At(R) Hhe |tizo atHhe evigin
pra.k_o-\pﬁe trajectovy fhe particle has A e
coovolimates [ Rf2 ,h) .

| Aprojechile r's laumched Frowm the ongiv Wi
o posdive (\y) compovent (fug lh.g).

The time (Za) to which the projectile veaches
the peak 'is - Nypo Vy; toyt o=Visugegly

Fl ~8
[Tn- gl | ks
Tue expressin of (hfwm tevms ofthe magnitude and olirectin of Hhe
kel velocity vector is - Ypz Y 4yt Saytt
TaxerYp=Ya=h , Yi=o and t=tp=Uismdi/g , ay=-g
h= (v smei)(Vismoi/g)- s 9 (i Smar)* |

The range (R) (s the honZontn| position at o time (£) that i< (Hwi'ce)
the hime at whch t veaches is peale, that (s ot pomt @ #g= 269
By substitubite Vi = Vg =N Cos iy dnd Xg=R of tg=2tn we find
xe:xr+\’xct+£q(t" k=0, Xizo , Xp=Ag =R aXp =\t Et
R=V%gtr =V cos 6 )2tp-wp R (ViCose; ) 2MSmén' & Cosby
US\ns SWm26= 2SmE(CosH J 1.

Vi swm28;
:—-—4

Twe wmakonum Value of(R)vs (R\nax: ‘%) at sm26,=1 ov at
28 =90 , Br=4<° |
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Unform Cuculay Meotiow

TS awokon of an object i a circulay path With constant speed .
([4: shll hasan accelevation). A

Congudov the defining equaton #Vauemje accelevaton , OF = %VE. :
Recause Velocdy rs o Vector quantidy fheve are fuwo ways m which.an
decel evaton can occuay b a Change wmthe maﬁmhule and Jor 135 o
Cth. w the ehrection ofthe Ue!oc.dj The Id'f#/ situdtion occurs fmf
o objech woung. with constant specd 1 o cltular path.The
velociky Vector is always tungent 4o the path ofthe phject ad
pevpendlicular to the vadus of the covcular puthThe accelevadion
vector in uniform civeulay motten is always Pexpcndn’c:.dar to the padhy
and always pomts toward the .ccuter_opjﬂfhc Civele. This owccelevats
vs Called alcentripetel accelevation) and 1+1's maguitude s

Qe _:\]2/',

r= circle vads
constdey o Fdch_(& follows o Civeulay
path #rom @ 1o@. At t=4) , -
velocity =\« ﬂi@ t=Ap, N=\p.
AsSume Hyake (Vi) and (V;).o’u#ﬂ’r anly
wn ehirection (V: \I.’:Vf), thei ma nitudes are the. same..

%_(dlcuh‘tc the accelevation of the par-h’clc wle have ..
a_ Ve W AN
R, - B 1 e
e Velocity veetor (V)rs almgsquwdrcular to the Pasrhon

Vector (V) The two fh‘qv:jk’s In (F'\g 4\0,’@\'5) are Swmlaw
kecduse the angle between any two sdes is e Sawme For
beth ﬁnqvlg‘es und the ratio a:g the (e"}j%\S o these sodes s
'H"‘{ Soawme '%I’J-: —‘-g—Y-‘ B

wheve v=ui=VNg and Y=Vi=VYp
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mterval for the Payfnde move From ® to@ (s

As @ and ® approach gach othev,(bt) approach (zeve)dnd the
| yaho % apploach the speed (v).The average dccelerertion
- becomes the mstantaneous acceler aton ot pomt @.

. A dg
The e ru'mnrc‘al fov one complete yevoluhon isy T= 555,
this i's because speed s equal to the Circumference of the circula

path-owided by the peviod .

Tangent and Radid| fcceleratio n

Velocrty Changes both in directom and in magnitude (g 4:10).
Tu tas S\‘\'\M\'\'wh ‘HIC Vflacdj Vec{-or I's G(W%s {:an\jenfr to the
Path, the accelevation Nector (@) 1's at some engle ta the path,
At each of three pomts @), oo \Pd*;‘d,&b 8
@), and ©),we draw dashed [/ -
tircles thal represent o
portun ofthe actudl path
at each Pomt-The v dius
of the Civcles is equal o the (th 4-10) —
radus 0? ‘qu curyature of}hc Yo~ a

path ot each powt. , : __ Y
As the particle moves along +he P
cuvved path, the oirechon of the.

total acceleration vector ()

s (% k-e;m%:nduduﬁd:kwlmge:a&dﬂm»a.—_euex.—_ﬂ&e:*amf.—. -

Hence mthe uml At o, the mogmfudc ot the cicce levation

Cun sidev o qu{-x'c(c moving d(ﬂ-ﬁj o Smooth cuyved Pdth wheye fh%

.

Changes from pomt 4o powt- @ Ryl
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Ths Vector Con be—fesdvtd mta -cnmpmeni‘: basesl 0w gin dfyuh
at the ceatey oap-ﬂne ddshed circle + a vodial com povent (-(TY)
aling the vadhus of the model circle and a targential component
) pevpencliculdr to this radwus.
: a’: oT;.\ &: y A
(0%) canses the Change in the Speed of the purhde and ‘1tfs
Pm‘due’ to ‘Huevmshnlcuneaus veloedy and 1's gwen by -
| O = | ,
(cly) avvses £rom the chavUe m direchon ofthe \Klo'cib Vvectow
and 1< guen by- gt .
B 'q(:——dc:'—';‘ e
p=radus of cuvvature of the path ef the pomt queston.
The clivecfon o«?(ac) i's towdrd Hhe centev of the civcle while the
dicecton o€ radial unit veckor ( £) rs always pounts owiay from the
center o€ the civcle. -
The magnitude of (o) is ‘ﬂ_q ;+ a tj » Atagien speed
(y)vs large whewn the vadus of curvature r's swmall atponits
@ and @ w ( £y 4-10) and smal] When (r) 1's large (Such as af
pomt, C)-The olwectron of (Ol) Is edher inthe same direction
as V¥ (£ vis mcreasim) o epposite VA (R RV dlecreasing)
Tn uniforw cwculdy wotion whewe (V) 1I's Cans-iaa{', dg:o and the
ucce,lefd{'w.n ’s Complv(clj Yadial . 1§ the direckion of(T) oloes not
Change’ there v's o vadial accelevation and the motion 1's one-
dwmonsiond] (in this cdse’ Qr=o0, A, #0) .
This conv@nient to wrte the cccelevation 1n terms of unrt
vectors: Ol G40, = 4N 1 N= "
wheve ¥ = umt veckor lymg along te wadins vector and dlrected
vadially pwtward from Hie centers @ = unit-vector tangent to
Hee arcle wm the olivection of creasimg (8). Bath (8)and ( v) move
along. with the Pd!hde and so vaiy \n time -
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Feiahve Velouly d Relalwe Aclevatmn] |

Mn example ofdhis concept (s the mation of a package. dropped fiom
an aivpline £ly Mg With a censtaunt Velocity. B observer on the
aivplane. sees the motion of he puckqge as o straight lme
dowmward to ward Eavth. The stranded ex plorer ow the grouud P
howeVey Sees the frajectory of the package as o parab ol
Once the package s dropped , and Hhe curplane continues to move
honZontally with the same velocdy the package his the 3mum&
directly beneath the aivplane, we assume Hat air vesistunce (s
neglected. - L el
Considey o particle located ak ponvnt@. i (ﬂj u-lz)‘lmog me-ﬁoaflf
Hhe motion .of this pavticle 1's bewng deserived by two obsenlers
ove 1 reference frame (), £ixed yelatie 4o Eavtly  and emathes
\n_refevence frame (:S'),hoauf@ to the rignt relatwe to (S (and
therefor relatwe fo Eavth) with o constaut velo ety o (relative |
to anobserverin (3), () maves tothe left with avelocily No) .
we define ({'=0) as that mstunt ak which the oVigin s of Hie fup
xefevence -frames conade ip sPace-Thus at tme (1), the ovigns
of Hhe veference Frames will be sepavuted by o drstance (Mot) .
we label the position efthe partcle felative 1o the €5) frame witl,
the posdion vector ( Y) and that relative 4o the (Z) Lrame with Hhe

posthon veckoy (7 ) beth at e (1) : ( Feg 4-12)
Tue two Vectors are velated 4o each ather = ]S z

. = A
ijrouglk _{'lxe expression . ¥ = ¥ Aot or

1 £ we olifferenticte this ec]uahoh relative
to twe and hote that U5 1's @mstant
We Sbtauin » 3¢ _ d

=2Y Vo,
A, S I A




12 )14 Kt

= veloaty ofHe parhcle obsevved vu the (§)frame , T=velocity
o€ the peithicle absevved 1 the (S)¥rame « These fwe equatuns are
| [knenas (Galileaw Fransformation equdtions)s flhough
obsevers 1 fwo frames medsure olifferent velocties for the
pavticle they measure the same accelevation when Vo lisl -
.Cons*unt.'_ d 2 J | :

d: = d;_.-l '%{' =P ‘g\%::dbgcﬂ;{,g V;:C:n\ls‘hnf

-~ —— { -

we -eonclude + 0 = a4 (_H\e accelerakion of+the partcle Ezsured
l@ an ceseviey (n ene @mmc o'preférence ' the Same os Hhat .
weasuved by any othor abse¥er woung with constant velocity
velahwe to the first frame )«

e Lo

A long - Jumper leaves ’HN- sfound ak an angle ANosd

o4 (25) aoove the hon Zontal and ot o speed |, Sf o)
of Ihowmls. . ol
(@) How Fav does Ahe yump m the horizavtal = A€ 8oy
elirection ? ‘ Pﬁg "

@ )(f: Xg= (\/| (QSe.‘)tB: (ILa MI.S)(CDS 2“?){:8
we can find (£8) by rewem bermg that (ay=-9) andl by Using

V.."h =0 ok the top of the Jump

V.‘JP; VS":U" Smbi-g ta '

o={(lhe mls) Sm20-9.80 wmis* €ty = tp= 0+ 38U S .

ta=the bime at which the long - jumper I'sat the Bop a-?%cd'umr.
Recouse of the .sjwmth\j oAtHe verdtcal motion amother (0,384 5)
pusses kefore the jumpor return 4o the grounel . There fore 1

. mzlt& =2 %038y =0 ~7—63$ -

Ke=Xg= (110mls) (Cos20)(0-F68 s) =G4 w




© Chapay oy *s
‘:f]'._]w&,35--q4&15MAbl€:emwﬂ\é£d&*unee};&Y%wwH.€%#ﬂrHj
) what s dive makwmuim heght veached. adtid
@l S =Ip= (Vi S 8)th=49 f'b -

=AU mI9) (s 28) (038 $)-L (Fgomls) (0:374)%

= 0322w 2 2 2 -
Checle the e sults by usmg h:-\i%'l-e—" and R = Y. .Ssng.-

. : T P , A= 20m|S

A stone. is thrown rom He —1(-0-‘2) ' .‘v\\ . -

top of a buldmg upward ot L 8i=30 -

an angle of( 300 ) o the \';E ¥

hotizontal with an 1ndaf speed :( < \

ot (20:0mls) and tHhe height of  H5w ‘0,_.: 1

e Bulldlr\lj rs(4som). . . (D \

@ How lung does \t take e ¢ lD' Xe=2
stone 4o reach Hhe ground 2 _.L-v A Je=—4om |

0 . }F X £ j‘
My =\ Cosdr = (20 om(s) ((’Qs.3o'-:>) =173 mls |
Vyi=Vilsmd; = (2ci0mls){ s Boto) = [owom|s 2y
Te find (£) we yse yg:g,-+\:y;.f+§a3!cliw.ﬂ. Yr=0,Yg==U5m
0{3:—3 O,nd V_k,,.:lo-a mls -
=U50m= (lowomls) t =L (q.90 w|s2) 2
Lt is quadratic equatun for (£). =pt= L22.5 . |
© What rs the speed oPthe stone just before it shrikes 44 e
ground £ - | t
@we use the Bquaﬁun Vyp = Vy <00t with t= 4225 to
obtam (Y) compment of the veloc ity Just before the stone stikes
Hie ground. -
\’3{:;Io-omls_("l.s‘omls")(l{r.ZZ.s)-_-_-—?,Lq mls
Becauge \Vhp=\ =73 mls , the required speed 1's




: vealvx;-w_.,;; =J(F3)EA (3 = 350 mls £im
T4 (s req sonable answer because the @mal .SPttd r's grcq_te(
Hhan the wihal speed o f (20 0mls). , b2

A +5

e —
AS f-,Jumpe( leaves H:t ski

trdck wmoving W the %oVQZonfd‘ |

o'lfec;hun with a SPH_PJ ae(zs.omls.} 05 v
The ‘Nang mcline below b1 ‘FAI.‘»GR’ | ' =D
wilh o slope of (35°).Wheredoes he
lawol o "41! U\Chnc?

d= distauce *raveled along the inclwe -
Té rs conventent 1o setect the begining of the jump .as the ongin.
Because Vxr=250wmlS and Vyir=o then - ppnil o
Xg= Vet = (250wmlS)t and Ye=Uy b4 JL_CJ +2:.-5"(e~Xo mls2)t?
From the Enangle wesee that the jump
the landing petarve y ¥p=dces$5° andyg=—d sin3s°
d o533 = 25 mis)t dnd ~d Sn3s —-§ (9:80 mls2)£2
Sd=109m ;% =893m;, Yg=~625m

&,
7

1

efg)'(omd Jcou{olm sctetg act

—

o~

Tenigent wnd Radal Accelexdtion
A car exmbibs o constant accelerdtion of (0s300m |52) parallel to
“\cvootdw&j- The Cay passes ovey a vise mthe road way S’ud/) that
e bop ofthe Yise I's shaped hke aavcle of vac w s@om)a At the
mowment the cav 16 at the top o the ¥rseritts Yelecdy vectoy, (s
hoyizontal and Was o el nituce of (6,00 mls)a twhat (s the diectedd
O’_’? H\f {“ﬂf(l‘ aa'lt‘\-q‘i’wn \IP(‘:{@V ‘Ecx H\(’ CelY d.( {1\\3 ‘\ng{t\v\{w'(:

Recause the car 1's mouing dlong acrivved path, we can categonize

——




Chapdy |51 Eaks

and redia) accelevation,. T S, ¥ ST WK
QV:."_\_/_?::.-M:- —056?2-@,“;‘&2;-_ : IJ =
The qumr(. cx('.‘c.ele«r-sol?l:,:\: Vector s divected alownwdml whide e
vtar\rj'enﬁa[ accelevedtiony yector hes mag nitude tf(a.z,ocmls‘)ahd.
'S o Zontad « = % @
Recause B = Gyp4 Oy sthe
wikgn tude of o l“sbz~ R
d=\d ¥ Cly .'::.R- a0 f2)® 4 (0:300)%
0= 84309 yn |2 S
TE@) v the angle behueen (@) A=
eMd tHhe llea'ZDﬂ{:tt( ,-{11?4’)0 P LAY ;
- p= 'Ecnn‘"-g“tt .:"fm’, ;‘éob;;”sz") = 4):-‘3-5° B
Relative Veloety and Relodtive! pcoel evertion ,
A boak headimg due 4o north crosses a wede yiwey With o speed ol
(0.0 Kw[h) yelative to the waterThe waker w due viver has dun
speed of quqokmﬂ)}:)due eqst velakive 4o the Farth. Deferum e
the ve teculy oPihe bodk relative to.an observer standerg ovy ection
bank.

@ _5 @ @ observey O)
L”Qﬁl;izh&ho\lfwj dCyoss. VN?JV Vre

twhile € Cuvrent PWS")?S Yooy T V "’
d«ﬂmj the viveye kt’t:*u!-\Julu‘-‘bm:f(’ be rd

g iy

able 4o move olive c}gmmﬂg fhe —aui g ek S niver

vwvev o, will enclyup down stream.

Because B the gepevate velocdieg of you_and Hhe yuwer, ure
Can Ca'tf'jdﬁzf’ this olg a pfoblfm' mlolvng ye ltive \velocties »
\:’Z,’y = the Veloetty of the boat velative to Hie "“"""Vre'; Hye
Nelealky efthe vvey relative.bo Eavily, Je = dhe veloeity of |
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CJ: @Pdmt Clowm) lelow Hhe devel dlelaumcktvggt
W Tovke* 8"‘q Xbm\sz an 3‘ ity LAl 0010
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