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i’ L+ Kinematics - (32 @)
- ot vegt

Ly Kinebi'cs

Wit consbout “The Forces Ehok

2- wmoues

Uelodka- cause  the mohon .

—(12-2)  Rectilinear kinemokics ; continuous  mohon:
@  fosition: - distance ()
displace meuk (¥ e (&%)

-

@ Ueloa'f'j 5 Iustau banuous Ueloatj ~ Uz ds or Uzlmas
i de 0 AE
- Average (velocity\speed ) e
»
F et
ueloa'fj Speecl
Vavg 2 L3 Usp = _S_I..
9 € ( )au5 Bk
O Uy OF
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@ Acceleration s — instautanuous ‘&’ —» A = du or a- ii
G de®

or a=zlim LY
at-»0 b¢

= AUE‘XO&C acce(emlflbu - a = AV

¢

ey \
SBY (o e g A
()f&)m dt
N 2) a= dv
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# Constant  Accelevation

L—b a =z ac

eq/ual’ions of  kinemalics :

i A, = 0’-(/
=

2 U= f_lf_
A

3. acds = UO(U

1 (/e/loa'\fj as  a Funckion of:t tme
v
g E . gduzgaou

At
Ve

V= UO + acl’\

80 @ Position as a funclion st tivne ¢
Uz __ﬂ_l_S_ — s = v de @
©l olE
r ¢
we  Sds = g (U,+act) de
Se -]

| S= So+ Uopt —t——% acéz‘S

@ Ue(oa'(:j as  afunction of position:
v S
Ud(} z acdg — S‘ UdU = f aco(s
Uo So

2
e I

o MNote : wWe cadt use consbeud  accelevolion

(\Pﬁ whew the acceleyobion s  a Furckion
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Kinamekbics , Evratic  pnotion :
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N
Yy =
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~-(12-9) : Curvilinear  Hokion :

I) Position

%
IY'l = IX +31—+ Zz

Ur = _7_'_ “unit veckor
brl
z) Ue,locika

— - " A
) =UXL+U3J + Uz K
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—
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—
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la| ,
Lho} tomgenk  to where A
[~3 = (:/ E-
the pot S(6) . & J J
az > Uz = -E
i (l?.’é): Motion Dp 7 Prqje,d?(e :
aC = 3 = 9.8l y-:\\S—b
= 32-32  Fe\s
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dut IS an arc
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(d;z = d© 'U: diveckion of due

. The cdiveckion oF plaz is in the
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~ TThe +Ue E-axis acks in e diveckion o€ mobron
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s the vesult of the time vake of clowge
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—» in e ™ diveckion iF the F:ar”l'o[e,'s speeJ s T

‘ﬂé adfs
the PCLTHC'QS SPQQQ{ I'Sl

L% in —wve “S™  diveckion if

. The relakions bebweew. ap,U, 6 and S are He sowe

as for reckilineor ynotion 5 MMA(JJ
Qés (/' » aeds = U&[U

— If a, is  ocongtant , a, = (),
L, I Sz Se+ Upt + é(a(,)c L
2 U= Up +(ae), ¢
3- VU 4 a(ae) (5-5e)

A Mormald Aaeleration - (an)»
s  He vyveeudt o the bme yale sf clowge.

n the dliveckion of He (/e(oa'ﬁy-

Diveckion —p A, is alw%s dnw bowavol  the cewter
of  curvpbure of  the poil~  (+ve n-axis)

z

a, -
TF  the okl is expressed as Y= Feoy
the radiows E  cwrvature P ot awy  pornt
on He V1N i  olebermine From =

Hajm‘fucle —»
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- w = — . . —D =2 v 2 —n
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La. (F-v&*) Uy + (r6 +278) Uy

“ -2
a.z Y- ro

— — —s
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y where é: die = mg/ E
i d¢* g*
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* @l.‘ndrfml Coorelinates 2

r, ©, ¢
& l
d,‘(edq‘ Oi~ mo\a\au' tude
"&"’ s Cowsghaul”
4

uz‘. C&\A%‘

Uz = O (2e70)

) —> — —>

<)

2)

. — L= S 3

3);*= (%_r.@ﬂL)m +(wé + 2%é>ﬁe ¢ 2 &Z

x Two types &£ problems gen@rouﬁ OCOY %

() IF the polar coordinates ave specified a5 Eink povouetenic

Qq},uxl':'ou

= Y‘Cé) ] Ther , the €Eivme dew vakives
=

avd  ©= 9(8) v be found o(;'rec/l"d~

@ 579 the  €ime - poramelyic equakious

are nol  givew, the

r= f(e) Jr:brnu% be  knouow

bo solve b, ~ use choin rule

\ to Findd  yelokiow
bebweer Y awd ©
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« To Solve [oblems A.“ Y, v, 7 9,

ro: T': f'uY‘
Vo U= BT ) Uy = Yy ©
a ¢ o * v -re Ag * vy© + 2Ar©o

Ug (TTA)O PO\'Th C‘Qs %

- (129) Absoluke Dependenk motioir s«'s
ot

.gpea'l:i'c the locabioi oo”“

of the  Hock usting

P Df,('"l‘o " ODOYDUV\CM&‘QS
SA » SB .

D I meaSuyed From afixed poiwt ‘O or fixed clatum
e

2) Is measuyed along aoche  Tuchined plave  w te dlivechon
o wobiow of eack  block

3) has  a poshive seuse From Cto A awld Do B

in F'(ﬂ' — S, LCD‘f S = Learcd

dSA 2 O(SB -

db di
Ug= - Uy
aB z —-aA

@
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x Clopter (I’b)T-) Kinebics  of aparticle :

Force —_— Accelevobiow ..
- (134) : Mewtors  Seond  Law  of  Hobow s

Danowv\l'c 3

¥ R
kKinewmak:cs ki'nekics
deals  ith  the velabion daip  bebweon:
- Tie chomge in motion of body
ond - “The forces thot ceuse  blis c,hav:je

(Whew
oo unbolamced  Fovce Tue pavbicle  will  accelerake  in the
acks on a particle ¥ diwdion of B Bt ik o
wusui\'wlt thok  is  proportiowal to

the Fo‘( Ce-

° ——[If- force  amd  accelexokion ave Dre,ol'lj Propoﬁiomql
F £ a

F = 1221728 ./\»W\~.£_
a

a= dY
Ae
o Fo gl
ot
W\OW\M\AW\‘_,.P; YY\\/

Tue  unbolawced  force a(,l',—ﬂ
—p On the pov\‘ic\e_ g Pv‘eporh‘m\c.l
to the time voke B Q(Amgz of

the Podh'(,\e’s jinear momeukun .
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® Tme, ic not  an dosolute rrwwil‘la as  assumed. bﬂ

Newton  equation  of motion  F= wa

I fails ko predick  the exact  belmuiour of aparhicle
when  the portide’s m approackes He gpeeo(
of liglue (03 Gm\)

2. Irs  condugon uwuakid  ohen Pocrh‘des are bhe B size F
S AAAY
an  okown omdd  wesve  close Fo  one ometler.

o Newtons Law of Grovitabional — Atevackion:

_Define = Alaw Snuqu'ﬂ the  wmotual  attvackion  bebweed.
oany ewoPowh‘des-

P

Y,‘l—

-2
F- G mm™: 5 G = 66-73 %10 ‘m3/ l<3-sz

—_—

_If the  porticle locakecl od'\v\mv eavtlL
only aml)ﬂ”o&io»\o& force lockweein govta and Pa‘fh‘dz

- For most  emgineering  Caleulekions, (9) is apoint own
the Suvcaca o the eoYM ok sea level ' ond a lcxl’il"uAQ»
o ‘-l‘So, oichk is  Counsidered tle ¢ Stomdavol Local"u‘om\\ .

- (13'2): ’ﬁ@ etiu.cd“ia\,\ o’e mohiow &

=
SF= ma&
6 Lz SV =0 K

R

a = O
[s <o, the postide cill eitber
_ ¥e vyamowwn ol vegh

or _ wove o lowg 5‘((0}35)6—-“\“’- path  withh
constomk Ue/(oo‘v\‘a as  atakic etlw'/ibrium .
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e Ihertial Refforence  Frawe ( Newtowiaim  yefferouce FMB

-Tre  oaccelevation st par bele Y
musk be  measuved  wevib o

Y‘Q(Cm(mce_ F'(‘M HACJ 'S

edbley - S o T —
eA , potle of- Pavh'c,(c
N Fix °
Q/”
or 7,) bramslokes (ot a cownsfant x
(@)
locitey - X
ve Ck‘(ﬁ
—ex ¢ The motions o€ vockets £ Sattelites —» 1-R-F (s(farrsx

- By & The wolious of Poor\’\'c(es sw eavtll _, T-R.F (eaxi\)

=B

Ye‘Pre_qus the particle to

be Free s€ ik su‘ﬂ‘ou,v\ot.{ﬂ

s u.PPu\"* s\ Fov(e,s .

..(13°?>): Eq,uahov\ lSe mol own

<%

: externol G:Y&

2 % internal  Foyce. -

)
v

ot 6

{ = YY\EQZ

2R + 6= Twmiar

I apoesticle  cavried ouk ZE'»«.O

2R = Swag

KD (kinekies)
Parkoins  fo bl P axhdde s
robisw as @ugﬂi \DJ kL&

Corc?.st

for asd%{‘% <% pw‘ric;\qs:
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. B\‘j dfl&wi\{ovx of the cemtor € wass
lm/Y‘G = EMfY‘? ~N> YY\O\Gs EW\Z’ ap

NN S

whexe  m = 2w s e ool wass st S Paf\'u'de_g

EF.—: MQG’

- (13-4) s Equakions of wmotion * Reckowgulav Coovdinates :

Z Fz
2r=mq /
. - E
ZFXL +EF30 + EFZK = J
m(ax£+aj;)1—a}k) F
ZFX= mol)( j
iry = moay
Srzz YY\C(;

il IC we |haoe voush surfoce
its necessavy to use  tle Fevchiswol ectua,la'ov\:
k= S M
su‘:')lS\S«
IC tle Pox\'u'cle, is own tlhe Uerge, a€ velabive ynobiow
ARV

¢ e lhews spring (an elastic spring hawing wegl.sible mas;)
FS = ks ; 5= Lodg
. &
the sprivg Le the deformel lewgbl
Farige. - _ Lo the undeformel lu/ﬁzk
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o Kinemakics :

_If  occelevakion  1's  a Funchiom s€ time

Suse a=M oy ds
de e

———

ield
wWlickh s wleem fw‘“zsm&d i_, fue PQYHC\Q,lS gomd 5—:

- IF accelerakion I apu,uol‘ youm R oUsP\qCMJ
'\ukﬂ\’d”c
—_ ads = udyu

bo obkoun __, U as ofumckion of pzssd'ﬁou-

= IC accelexatisw is  coustount suse g U= U, + Glce
2
S=Se+Ust + Loct

T
vV - U: +ZO\C(S—S0)‘

{135 ) ¢ Eéi'uakiov\s # wohion 1 Mormal  awdl TGMD(M}"OV\&L
coovdinakes : 5

when  aparticle moves  alowg

curved pakl  wlicke {5 Knowan
¢

the equokion o€ wotion For  Toorial Coovdlivates Sy

the porticle  wmay be written

in the  bangeutionol , normal; aud  binovmal  diveckions.
ZF: ma

2F U + irnuh +§,Eub= ma, + ma,

[

e~




1 9

ol ol ] & yilbyall fiz

#

el |

| [©)

¢

- TIf

ire (s it the diveckion of vokiown (—Q—Ut’,)
ir{: is i tlhe opposite  direction o€ nokiou (f(/e)

— If
>3 E\ s  bowavd  the path’s  ceuker f  curvatuve (+ve)
iVn IS opposite Aireckion of potls ceuwter £ cuvvorure (-ve)

. IF the Pa’l'Lt Is olebined as Y = F(x) , then Ethe vodius
curvakure  ak the Poiul’ where ¢he particle Jo  locabed

ceon be  oblained From

. [‘+ (%}jzﬁ
i

.-(,3‘6) = é%{u.a}"oh 5€ motion * C‘S“noln'cq,' CoDY‘OUV\O\,l’eg s

ZFEUZ

SF - ma

I B
Zh. Uy + i\gue +E\;Uz =

™o, '_\,\r+ maeue + w\a}uz

—

Tuedtial  coordivete %ﬂ‘w :
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T'CUASM{ onal avd  NMeormal Forces :

*
&LASU/‘* km&ewi‘
(e
v
S
-
A
° /

P: the force causes  bhe P(;\Y\’\'C(Q fo wove along apak

N the novmol  Force

particle (always perpenclicilar o fle  tangent)
fovce , owoys acks alowy the tonged
diveckion ot wakiow:

wlsich the PN oxorks  ow e

Vo the frckiowd
i tbhe  oppaste

Tie ddiveckions £ N omd F  con be ';Pecirie,o( velob'ye to
the  yodioh coorplinoke ( (//)
Y betweew. e exteuded vodioh line

bo the curve.

and  the éaA,}jeMk

e ds the displaced  oliskance
. dr: bthe compoune Sk
displacemed n the
vackied  Uveckiow -

e Td®: the CO\MPOV\QNJC
f disp lacernent

tm the  browsverse  Jiveckrown
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IF
((} (+ Ue) iso it % peasuved Fro wa tle ex l’muol\z&
vodiad liue o Ele huaewd" im CC-0)

sewse o i the positive  directizue

s¢ ©.

(..Ue) Y SRS mecsoved in  Ele sppeosite
diveckion~  ¢Eo positive B-

- eXam Ple_ ‘¢

rza( 1+cos ®)
=% ,‘)D\\AX‘DV\ -
Y" = "'O‘S"Me tomgent
g ), - a(|+cose3
Y ~asiund

) &7s® %

2F - m(f’-v‘é‘z)
ZF9= m(r@ 4.2-.Y‘(:3)
LF, = m 2




1 9

Julliulll elailll

el |

| [©)

z

. Cko.pi'ém Recdew g-
_ Kinetics: is the 3(:.&&5 of the velation between forces

aud  accele vokion é‘A-Q:j COMASE
(ZF:W\O\\ MNewtons  Znd  law 2€ mdion -

= Ihe,vh'ul CooY‘cUU\“}Q §J‘a’f‘¢k~\$ ;

—3Q

—0O—-

pakla = P‘”‘\F Je

L \

fixecd 66 tyouslake wit a conglonk U+

_ To desoribe  yeckilineax ynolion -
EF‘X = VV\C\)(

ZF’I: = WAy -

| _ Normed  andh ’T&Maw:wol (n,(;) Axes -
EF; = mag , 2F < ma, , in= 7ere

: Ay a, = U
ag 2 " ,%
, 232
or o= vl £ Lretgfd0]

(dg\o(ﬂJ

- Cﬁl{wi CO& Coovcdlinates -
SFz m(y _vB)
2, m 2
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* Ckapfw(l‘J)=‘ Kinekics oF c\PcurHc(z: (Work cund Em’.\f‘aa-

_(1'4-!)'. Tle coovk o a For(q.'.
. define a force F will do cverk

on apc\\"h'dﬂ oy\l:j whew the pqvh‘d(

uyw(q,rjoes
direction sf Fovce .

a aasplc(vaw& i the
“Tre work done bj F s a
secelay clu.cw.h'lv

d(/: Fals aos ©
du= F.dy

Tis  vesolx Mo be iu('e,rpml»@l
1) “The prbol,ud' of (F)a«of Tle CouAPDV\QMl' s% dfsplc«czmcw&
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c) locakized  deformokion  of ble ywateried -

M. Tf He twpack s Perfgd!j elabic ~u o %Qij & losf

whereas  F e  collision s plastic ~» the M33 lost s wmax
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4 Mocedure for anaB‘Xs ( Cerbval (Wd} %

P“‘&}& l. TLL Coef‘:"c;:'w 6? vest bukion  fe) M’L
R 2. The mass of eacle povticle /@ﬁ\'L ol ( Ug) N
2. each PO\Tl";Clels il/\:ot“lo\l velo d‘:ﬂ .

~» EW\U‘ = iW\U,L cees DY
e = (Us)z' (Uﬁ)'z. . . (2)
- —

(Uﬂ) - (U@‘

— tohea obligue iw,Pa.df OCOUT'S

—» the par¥icles woue awaj from eack otbey withe

velocities Lau:‘l:ﬁ l. tnknown  direchiows

2+ puknowin MCSW'FMtS i

s
O oo iwhinl  Ueledhies
-

ey
% rw“ uvka\OWV\S

o repmsokeA atler os

(Uﬁy'z, s (UB\'t 2 9" 2 q)"»
the x aud J Co\mpome».fg o the Fival velooubies -

or as
"),
SFele
TS _
\ MA(UAX),_
ma( U&Q\
Mg(uetﬂi
MB(UM\\ g Folf‘
+ = W

g (Vgd),
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X Procclure
° 3-0\)(!'3
W ax{&

2 - 4
e anabsis (Obh'ﬁu& IWPoo(’) . ot oo

Y
is edoblidhad witlin the plane o contack }
X
is €$"Ob\|‘$l«€el albt\j the Ime T£ |"“P°'J— we s

l‘lv-{)“d

e e iwpu/lsfue porcgs 5? deﬁormafﬁ'om and vestibubion acks

oY

in Hee X direckion -

. Yeiwumws 2 (Uﬁf)—; ’ (Uﬁy)i > (_UBX)Z > awel (U89>2

()

(2

(3)

momenkuwn  &F S:js&w- i cousomee along X = XS
(HAC, llne fo ('M.'Da(/lf>
Zrm(yy, = (U, - M

The  coeffiecient o vetitukion yvelokes the velabie

Ue)oc}kﬂ components 6P the povhicdes along  X-axys
( the line € iwpact)

€= (UBXD‘L‘ CUAX)Z IR X ) From 0> ond 1)
Fu'wd (Uﬁl)‘lw\d (UBX> 2'

(U,qx). - ( Ugx)i

omenkun  of particle A & consex ved alokxj (3-—axl’$)
sinte  ho iwmpule  acks on pavtick A thas  diveckiow

MO

"a(U), = (Y, oo (Yy), ~ (Ya), ==

momerkan s posticle B s comserved alovg  (y-axi)
Since.  wo I'vw«PU\XS( acks on PCA\“\"‘de B ifw thas

djmdl'o\/\.
LUB;D \ = (Ue‘j) -~ - U‘{) From 3) ome] ()
2
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. (16-5) : .Anju\ow Momenkum s~
T 1 &£ hel E
o The  angular yoowsenkum aparticle "
albouwi P aivk 0O s ddzt'ned as  the N!—L\e b
“ v ownent™ s the pawrl'ic,le’s Itneay —

Mmool uwa aboot O

A’) Ay
CD"\C(’/P‘ is avxolij ous

o Since twis
to Finding bhe wmowerk £ o
Force abouwk opoink, Tue

OW\SW\QV' momentarn~ , H,, ig

Somekimes wfbxed to as Ee  vmowent of veorsekura

° gcoulow‘ ro\rmulah ow

1t aPo-f\'\‘cle, moues al% a curue

'3‘“’3 th the X-y Pplome,

the c»vsuia*f‘ reomatan~ et oy tnstond  aloonk poiM (@) (adualb

e Z-axis) by usi@ a scolor
(Hod, = () ()
=2 The diveckian D’? Ho fs
yule (rrom m\U to Q).

o Oecloy Formulokion :
IF the poriide woves alowg
a space  Curve
The eckor cress  product cac
be used ¢o delermire  the

%ulav‘ 'y“ow\wkuw\/ abauk O

_

—
Ho: Y XMU

v-.me "O\\ te PO\‘(\;dt_

H. =

> 7 Yx YB

Foruadokion

[ hgote]

debiwed l:j the ving Fisieed
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o‘e a Fovce arxd Ay\ﬂubr

- (15-€): Relokion Belueein Howaenkt
Homenkurn ; Z
<F
ic = w U . the equol’(ov\ € washew /
M, = v X%ZF
iHo = b )( MO j
inertiad  coovdihole
HD—.- Y X wU 533('%'
.”\o = "Z‘;_ Y XM\)) ><
~ = (
}'\o = Y.’XW\U +Y‘me
S /\[/:)/(MY' = (yi)(\;‘} =0 since  tle cross producdt o
avecksr with tcelf 61!.101 Zero 1
O TH,= Ho
Tue btime yote oFf OLO/\ﬂe €
EHO’—' v X 7}' the Pcn'h‘olt,‘s a»ﬂu)wr‘ yormed uwn-
= v X wy obouk  poivd O
Ip L =z ‘U Ld""m L: —h:ﬂ PQY}'l‘C‘e 'S II‘V\QOAY' momeitun

Thea
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X gﬂsffem of Rerhicles -

Tee  fovces Cach‘_w:s on kle arbilrm_vj
T porticle £ tle sy~ const ot

£ o Yesdvak erlerncd Gore ¥

ond avesuWronk inkernol force Fi Y
(Yll)( F:) 4- (Y“: X E‘ ) z (H")o Tver tied coovdinak e
s:)s&w :
S (e XV +i(n'>(ﬁ')'~ (W) X
L
s Zero
L‘iut(e_ the.  inberwad Fovces oCcar  iw eq,uol
Luk OPP(}&:[-Q_ co\\u‘mf P(}\.V‘S
mowenk  of eacls Poi‘r obouwk %

Heuwce Eue
Po.\,k O is Zero:

ZHO = HO
4/‘/\/

Hue, Sum a'e
.A“Loua\/u O lLas been
“A-‘?. omenks coouk PO"M} O
clhoose~  here as the
DY‘IB"V\ o€ coovdinake, ik

aclfuo_l_lj O ychesM o)
FI'XCLC[ Pon‘wl’ wo e i'p\e)i"ﬁbl

of all the external Rorces
w\vﬁ oh O\S‘jfaf’@#a"£ Pow\\'de,s :
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- {15=F) Pm'y\u'p\e st QMSQ\CN I»wpdse and Homenkavn g-

Z'Ho = ;:"o
2H, = _%_k(ﬁo)

be
S Mode = (Ho), — (19,
€
Prciple o8 angafar

k2 |
’(To)l —+ ig Mo Ole = LHO)LJ 'Lwalse omd  momevkiuma

(Ho)| : The iwitiad ow\ﬂv\lov' momeda
(Ho)7 ! -TL\.Q F;V\-f)\l anMDY' mbme/v\l'a'
ave olefFined s the wowenk £ te linear

G@ é{A—Q Fofh'c[e, (Ho = Y X W)U) M HAC “V\?{'w}g é‘ M l’-l_

W\omwum

respeckively
TEMode: Tie augular  impulse
Te is determined by inteqvabive — Wb Limne = the manmedts
of all  fle forces ccking on the povticle over the e
pericd & (o &y -
¥ Siwe He momemt € afore about poink O i
expressed

Ho - V‘XF , Tre a,,ﬁulaw ,‘w{)l}\lse Moy be

in geckor Form oS

b

T
owmgular  impube = YHO de = g (rx ¥ ) ole
&

k

The P‘r-'ndp(e, sF aMauJay*
iw-Pw'S!- obuA \'V'\bMQMkW/\-

b
THY, + T( Mode = 2 (1),
&

for o 53{5('% d?po«\’fc\u
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A
x These iwpuke,s ave creakel ow\:j b‘j the woments o the extervd
Fovuzs 0‘0"":\3 o He ?j?!(’e,\m
tohere, For  the % particle

rﬁ,: Y}XFJ

¥ Uedkor EY‘MUJOJ’\‘OV\ 4
u-;t.ﬂ ilM.PU\lSQ. avd  momentum Privxu'pl( ; (¢t is Herefore

P'DS$\‘\O\€. to (urite twoo ezluovh'oms eohiche defive  the

Po«\'fcle’s rokion | MW\dj,

Vineay \'N.PU.\SL ard meme,. {-1
™My, + grole = MUy
5 1y

oy | se owd ™o (I’[") + i HD dt = Ho)?/
WA:)UI inpul ek uvey ! §; (

x Scodar  Formulakion ¢
TThe above  guakions  aw be expressed in XY, E
Component  From Yelding  a botal £ six scalav
%ua,h‘o\AS»
TIF the pavtde is coubined Fo move in He X—Yy
pPlare , three scalar ec[/uah‘ous com be written o

exXpYess e wokion

[ m(Ux), + ifadb = w(w), \
k

3
2
C
<

\‘.

W
-

L}

Q_

T

"

3
&
~
r)
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% Cosevokion of ow\ju\ow' momenturm g-

o Wheun the cmjwlcxr‘ n'vv\?w\s&s aol’izlﬂ Y

ach\’\"‘cl'e are all 7evo aLuri:S

on

':L{ fivwe él to eZA /4,

i onservokion o€ y

H =(Ho conser n

( O)I { )'L cu«jula'r oo, #— X
F:fj (s 23) -

° Ic M s aPP"eA to H,,Q WYH(,(Q.
= WUy Botl.  linear  cndd dew

I+ wmu =

2. (Ho), = (Ho),

» (When the Pcvrh'cl% X4 SUL‘DJE.C)‘QO\ ivi‘?\/ to (a cevkvol Fovfes

as  daown ;V\(Ej 15:23) ¢
The inmpulwve cemkval Fovce F 18 aleds divecked  toward

poink O . Heuce, the amgular implse /ioment) Crecke by

momertue  will e Conserved .

F abouk e Z-axis is ahags Zexo

So
(H), = (Ho), --- abol Z-axis

* once:lum por anafj oS 8-
¥ To  abbain conservaktiown of owsuvlav“ momenkumn

the wowenk: of all for ces (/'WPLJSes)
muk  eifuer
or
be pavelle

= pass H»’rouoh the axi‘s

so as bocreate  Zers vrowed  Hwveughow  tle

time poriad ¢ b ¢,

s Yoo hncw drews  the ‘N.Pulsg omdd  wravwenkuna (/.[‘-ctﬁy‘m
For te pav\'|'de insgead £ Free- loa%ﬁ CL"&W




1 9

ﬁ@]hu.lll ol=il |

5 4ilasnll fizl

el |

| [©)

T

x Chapler Reutecs-

- T.mpulse,:

I Ts olef.‘md as tie PYooLuol- o’f (oyce, aud time
2- Gmpwc&b it represeals the avea undexr F-t Ax'c?jraw‘

€
23
n ., Lt g Frey de
b
E

31

_ Prinuple of Tupulse  cumd  Homeukun

1. Whew e eguaj-,‘pv\ £ wadion S F:ma
omcd He Knewsokic e&ucdn‘o\,\ a-= dU\o(P ave combined

we. otain  He privciple of inpuds e oudd  promesmkuna
bq
R e M@
)

2o s eq,uoh‘on is used t solue  problews ot  Mmoolue
Force, udo&/{:), Time (F; U, T )

— Congxupokion of linear HMomeskum 3
LI He principle o iwpide  ard  moweddum is applied to
a syt e f P‘:“’\“C\QS
mU, T+ ig Fole = muy
TThauw

?) Tue collisions Lebweewn pavicles produce  iwrennol
impwlses  that are egual , oppesite  cund  collinears aud
evefore camcel from equokcon ((SF -0)

b) TF am extermal impalse  is small, thed s, Fle foree
s smoll owdl  the Eime s slevt , thew Hie iupulse
com be  classified s ponimpulsive aud  com be
hegleckecl

E’";(U;)‘ g EM[(U")Z

consexyed -

{:
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— LTopack:

when  tweo Pav-\’u'cles A cod B have a divect l'mpud, te inlerncd
Tmpulse bebweaa  themn s GLMLJ ,oppos"/'g,a/wol C‘ol\.‘umr’ehm

P (U, +Me(Ue), = Ma(un), + MB(UB)?)

2 IF  He Final (elocibes gre unknowa ; a secondd equakion s
needed By solukion

= (Up),-(Up),

e

(UABI = (UBBI

Coch;(‘:Uhk

2 vestitukiow
a) if the collisian is elastic ,no eunergy is losk owd
b) ror a plquc (indaqt,'c) cotlision

3. IF le ifwpack is obl.‘sue, tem the comservakion o€ vromentona
For the Sjm aud (€) aPPfj alony e line € ik

plome of coubact

e .
T @ Topt o T s ;

cusirel Sl

Y. (Conservakisn lSe momMM Cov‘ eock Pc«h’d& appl:'eg
olong  the  plowre of Cowback because no impbbe oks

on (.

_..Pru'y\ofp\e of cu,ﬁu/{cw impwlse avd rmomentuns

The womenk c# the limenw momewbann abouk  Z-axis s
z
A\

codledl T a,uﬂu,lar’ momeunkum

Ho
Thas eiua} is used €o determine Lnkown |'mPones
Ho o =& [: F/mu is poralld €0 axs =
a)(ls

Flwu  posses 6Lrwjk axi's

(Ho‘)f (A)(mv)

b
(HD)A + z§ Mode = (H")‘L
&
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- (16-8)r Relative  Hotion  Analysis using  Rofaking Aress

-—

o s fdP& o avnlﬂy's is  useful For dleter m"W’*ﬁ the mokion
of points locaked on  same Ybl‘d boo!j
Twe wookion £ POiwfs loccd’eol on sevexod Pn- connec,l”m( bodes-

NS

o In Fo“ou)b'!\_tj cw\abs,{'s €wo ec}ua}u‘oms will  be c[euolopeal
wbu'o(» velake Phe U@Joa'l‘(j amo( a,ccele,rahbh 6?&00 Pov'ufs~

, One & two poinks ( The base poivk A) is the or:‘jn'n zsf
amou"—bﬂ axes- \/ Y

¥ Position: 3
- A, B _, e locakion s Speari&l b\j
GoTg — whick are weosuwEd . b X)Y,Z

- A (the base pointY) o represent the ow':'j\‘V\

of yy,2 which is assumed o be both

browsdoking  amd vorating ot XY, Z ps

= Y‘B/A —a Pocition of B writ A
= Tgja=* may be gxpmse:»( either i berms of ik Ueckors alowy
X,Yaxcs (¢ T omd O
g bj wrd  veckor S aloﬁ X,j
axes e § amd

_ Foy the development _, Ye\a will be measared Wt XY exes

TB\A - XB' * 53()

- The angular (ugloa',{:j avol aae(emhom\ £ X 5 Y axes are
w omd K Ylspuév'ue{j'

- bt the  augular (velocty  and accelerabion) o XY euxes
are _n- (orega) omel o= da de vespeckively -

- [)m/\((r veacd loelow AJow oo be poJloe,u,l—foL

[
o
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"

g = L + D4

"8\
I You  compave 0y wdbh (Z)_aeli/w(l) ‘s valid for a('ms(at-'f)

axes ,aud the ohfj Aifferevce is ( UB\A)sz

whevye L = Mju(ar’ o@laub caused] b\c} vokakion of %Y.

~Y R -
V ag = aA + =L XY‘B\A +J7_x(,n_xrg\ﬂ) + 24X (UB\D,@Z*(QB\A)”;" )
2
ag= Ayt A Xy, W lga ~7oC ()

IF you  Compore () with (2) — egn@® 5 valid for ot brawslaking
axes  amol the diFfeuce s ZJLX(UB\A)X:‘Z el (aB\A)sz
(2 sLx(um\)xﬂ)-. is called  The coriolis accelorotinm

it vepreseuts  the  differsuce  ju e accelention o B as measuved
Prowe  pomvolaking ol Ybl"ahﬂ XY, & oxes-

_ Coriolis axc- will aluays be porpindiclan  fo bot . and (e

- We use covidlic acc. when %ucl:jt.\:s e acceleratious and Forces
Ohichh  ack on  yockets | long_vavge  projectiles, or obler lbookts
'l«cwhﬁ motiews  whose wmeasuremends e siﬁmfrcomf(b ol Feske]
by (e rotation sf eartl. - o 1 Cwelo

BV: Uelocf{'j 8-

—Udoc&& of Pol'm)c B s determined 'oj Ec).kl.l:fj the time derivahive

of Y, =Y ¢V ey U = i) U dy
8 B\A B At B\A

> dran A (a0 4y,§) - %u Ko 8, Sy
i d¢

{3
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_The €wo terms in Ele Frsk seb vepreseuwk the Componemds £
Ueioa'(tj of B weasuved bj XY, Z

Trese  terms Wil be  dewokedd lf’j veckor ( \ASKJ&

- In the <econd. 9&, mpmseul' the insbombomunus Eime volte 'JPOLCWSQ
of wik ueckors §,5 measured by x,Y%Z

_ Tiese c,Lcwﬁe,s (clluawo( olj) are due bo the volakion d© sf
the x‘,j,‘é axes

ousiiy o gobeme =t gdi
T N
o F Lo musm'(”ude oF botle
Adi omd Ay are eci}ml 1d4© ] e
o The divection o A 15 0“{"‘“"( bj +J :%j\
@ - < < t = z\ = '
° - = il dL) —7. ° oN
v 2y o= I
- d(o = Cle (j) - Jls —(—) = —JL(?
At dt de ( )
We can express the aboue derivakives in texms
of tle cvoss product as 3
-y ds g x} J
de . axd —- = X
T dt
e [Uote: _Q.k:bx 1¢ = _QS 9J7_/<X13-

o
= - S

—

where XU - LK

J X
— BaCk to B\A\ d(_

\A\o(t (i__( + 51_3_3_33 (XB"'C +330£[J¢.>

i

Ug\a + (XBJ).)(E’+ Ya-2X J)

W

Uaa + =X Tgla
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=» Back Baok LL
Ug = Upt d”e\ A\ ol

Ug = Uy +2XT10 +(Uga) x3:\

- Uy : obsolute velocty of B measuved From X, Y, 7
Su, e s = origu of XY, T measusec me»X,Y,Z
S amgular welodity of %Y, Z measuved from K, Y, 7

v : posthion sf B wr€t A

- e\ | ,
- Gl Ve o € R el T

AN

o Now L Back two Puges awd look at- pevt (D] 72

# Accelerokion g-
_ accederakion  of poit B is detorminedl by baking Ehe time

derivative 4 UB = % & JLXV‘B\A+ (UB\Aijz

Laeg aA “'JEZKY‘B\A + S2X ‘l’ns\f\ + OI(UB\A)xy?

olt e
e oy ’_______;
® @
~ dlaa L (Ugp) 2R,
0((' XjZ
_A% GLYE\;\ = SEX ((/Bm)xﬂz-f—» ~QX(~Q-X\”B\A) co==- Sube Q)

7 (Vo) fu +'(UB\A)yd

dt At

OL(IUB\A)xyz & ’d(uelﬂ)x; % C‘(“&\A)y il 5 &
ke Y

= (GB'\AB xyz + EU(B\,QXI‘L X(o s (UB\ﬁ)j “QXS 1
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T (“B\ﬂxngf —S2X [(UB\DX? t (UB\A\jﬂ

d (Ug\n) g '
i Xy _ (aﬁ\ﬁ)xgz + S XO/G\AB)@; eae- Subi in @

The pn'vw\x Fo\rm 152

K% S +ﬂx(&"%\0*Zﬂ"(“B\AExJz*‘ (C'@\”bxﬁj

Uow‘l) Back  three Paje,g, amd loolk ab Brt ('L)L e

Gg = Q, + SLXVy, + X(S Xy 4 zﬂx(‘ém\‘%* MB\Qxyz

- ag i acdevation of B measured From X,Y,Z
< z the OWBI'V\ (A) st %Y, Z -measuved me X]KZ
accelexokion  and Ue(ocl}\j oFf B wrt A

- C(A‘.

—(a 9 '
( e\A)K:,Z s ( B\A\xJZ
wmea s uved bj Yo}a,l'i\r\j )(,3,2'

e amgular occelorotion  and aw\&ulow* velocity = XY, e
imeasuved From XI Y, Z
- Y'B\A s pos«'h'ov\ € B ot A.

% [UB = A .{—\Q,XY\B\A +(U8\ﬁ§xgz (

UJL-EX‘Q
XV, b emgular Udbdt‘] offecd counsed b\y

rofativg  of %Y,2

B\A
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Gg = Ay + TRy + S2X (-‘7—"’”3\0 +2J1X(UB\A\W +(a3\h3)(32

where

- _}wa@\A t owgular accelerotion  effeck  caused by rotabion  of %Y Z
- _n_.x(JLXY‘B\Q: owﬂulm‘ uzdoc'ulv effed comsedd bﬁ sokakion of %Y, 2
~ 28X (UB\fngzz combined efFect £ B moUing  relative to

XY, Z omd vokation of XY, (inie,rad,g mohon ).

4 Pocedure for Hna\j sis &~
o EQua}n'ons =¥ Udoc&d ond  accelerabion  whid we baked

com be app“eo! to solve problems imuolw'\ﬁ

tlu's sechiow
of particles ov Y‘iﬂlb{ bodies using

the plomcnr‘ motiown

the FDHowi'S procedute .-
Choose an aPPrOPN‘CJ’e locakion fFor Ge oru'jn‘y\ aud proper

orienkakion  of X/Y/Z cuol XY, ¢

- Moot stren solukions are eas:'y obtained  if 2
comcaidlent

v The o‘nbn’vxs ave
2- Wue. CDYY‘E,SPONJ!A_VB axes are collinecr
2. The covvepe v»cl.‘c\_,\_g oiXes oave po-:rOUG/l .

Crowme. (a)(es\ showld  be sde,o('eo\ Frxedd o the

’TI:e moving
u)\ud/\ éL\& velab/ve mohiaw occuys:

boog or 0(&) e a 'oyj

- After olffm‘ﬂ,ﬂ the on;cjfh A of the moub veferemce  cud
SPea'Fﬁiﬁ the muuﬁ pe'wt R
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