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g ebutaraFonv i Cogrlind

N

y

v

0 X

4.14 S

Gly o )P A j”g“i}‘) J}‘stvyjj"" C(V)L”\i)

Ux=0Vcos, vy=vsin 0« 5 S
L/;’(i.ff'u:dﬁ”x-y (Acceleration) ¢ | —!

Lates 5 Gl s et §uratil

_‘at'n/.'/,c’_/,g/l'}'

y ¥y
0 X 0 0
tAV
V'
A%
(a) (b) (c) (d)
S i gl gl s S ASAL0 (df Ll sl S S (@) ALy, (DAL, (0) Atg, (A >Aty>Aty) <34y 5 4.15 5=

— PR AU ar sl ac b d el ysix



100

(el y

a=4.0m s?
4t= 1.0 s,

v =3.0i+4.0j

v=,3>+4*>=5.0ms™"! ‘%Usd/d”
U )
g =tan {”J =tan™ [g} =53 FlLLxad

Ux

=7 A L U S d!‘“’u/4.8
(MOTION IN A PLANE WITH CONSTANT
ACCELERATION)

A:J'/:'c“. Lﬁ//’/&/}uﬁx—ydﬁ”ygé”_ é:’/fé b
U e sl s s S B S a 52 Epl
Ji{t:O:ﬁ: u’(”é - e £ Lol J

vl d/ Jlgtebslv b

el
_V-Vg V-V,
=70 t
b
V=Yg tal (4.32 a)

12 5en I IS U A e s
:u"??_/';:tg
Uy = Upy T Gyt

U, = Uy F aUI,

g = oy % (4.33 b)
LA 1 e AL 3 L o6 A
A ESL et d LS L Ul -
MG TATE L 55y o SE L

L t-0=t =3 5 bj’u’?vmvozaj d/;u'{ UL

Aty At Aty (At > At,> At)-e UL 23 P&
Zp, b, P IS L o £
b6 S Srenib,a@15)usk o £ L g5

L Eatipoa S WE S Us U 4P, ep, P, P
e FE S eavdl S K6 el G
U S AR e e Ul L

GrfferSavesce JeFilasass
GrarFS U AEE L U s b
Gl 1bsi4.15 (d)ﬁ]uﬁmmeo/(ﬁ.c‘-
e G Jp L BE bt blsil

Li2s Ol S St s L1y 08
L En RerG LT L) g Lng 15
W & a7 Sl F L o (e
S E v L1800 = 00wl £ ULl
P

r=3.0ti +2.0t2j + 5.0 k (L:»K;Au/&uw

SIS us A e LU Ul <
P a(t) () s3(@)-n s bt K e ST LA
éﬂl’”ofm/ﬁd}ﬁJv(t){. t=1s (b)é

< e

v () =%=%(3.0 ti+2.0¢* j+5.0 k|

—3.0i+4.0¢j

a (1) :%: +4.0
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:‘al:'lgp"l&(g/}ié: < (4.342) = hlr e
r(t)=vot + Lap
2
=5.0it +(1/2)(3.0i+2.0j) ¢’
= (5.0t +1.5¢%)i+1.01*]

x(t)=5.0t+1.5¢"

y(t)=+1.0t"
t=?Sx(t) =84 m ‘ag;
50t+ 15t2=84=t=6s

y=10(6f=360my t=6.0s

-~ (5.0+3.00)i+2.0¢ ] Ll

v=23.0i+12.0j o t=6s
=|v[]=v23" +12° =26 ms ' ‘J.[.,/,u
(RELATIVE VELOCITY/ U U2 sbilss 4.9
IN TWO DIMENSIONS)
c;/:“gézcvérjgfcj.é :«J//{(?VDJKJ:37,F7
ééu@d)@’#&%dﬁ‘”{){ﬂﬂ:%’;%dz@ﬂ
vAu;/D}B /)'Ag”u St -t =* /@M;L &M’
XY JlaJ'iJ/"yJ(.:f/vg/z)uj J}LVBA’
SLMJB/B/JA&L‘M‘(LEQLUU

Vg =V, — Vg (4.35a)

ZJMJ“}‘Z'/J)J.GJJBiL&‘“{JJAiZ/}d’

Vga =V =V,

BA ‘..A J!

BA
-V

AB =

‘VAB| = ‘VBA‘ 921

v+u,. .

0 ™ .
/L’/L/;’d/guub»

L/}’ﬁ;@a(nr—roﬁu@

e b P Bl

- :(v+v0]1:[(v0+at)+v0]t

2

tc—

1 2
r=ry +vgot+_at

) (4.34 a)

K(4.34a)u;uf‘a[5£tgJc,;ez_dvf.;gd

sl L?,)(4.83a);>bl.»»‘dr/dtﬁ(derivative)jp‘

ehle ety GA 1S S =1,z Ehi=0 G AL
L b St st Sl 4.34a)

1 .
X =Xg+ U, b+ §axt‘

1.
Y =Yg +0,,L+ aayt‘ (4.34 b)

U usysix S e o TF 69 41§ (4.34p)

uﬁ(;bgf,;)dﬁ“‘u’(ﬁ-ug3%@"}%4./»..@;,{7
SN2 UFTE I Sk & A 1S 7
e ALy gt E YL Un g UE S
Sl - L"n/fwtef.’"é =I7EE Sl
UE s Ut b G e et e L L 2T
(41012 £ 7S tlry See bl T E1¥

LUt

/&/‘JS Oli\m/sc;bwoﬁé//t—o_":’)él 5 e
VIJ'J/JleMx y-LL/C}/Wf_
les(3.01+2.0) m/2l 1! J‘*"u‘wyc,u(
I 8.4m <3 ¥ x Kguguﬁ)gﬁ(a]_cé;L/
LU e G3T YUty sy

?JnlﬁU%dZ.A
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SLAfa1de A Ol anJem o T
JeuS e bt (G ) S L unlin
2 Ul )l S e S EL Y uie Ut
~ b L16(0)/
(PROJECTILE MOTION)&"}J/L‘%.G}/? 4.10
w1 L ul?g;é,/'/;,mﬁu?Lﬂuﬁy%gw
& éfw Ly e K&?JJ@@; (74/;541
Wiour & Sl e T G Ut uii e £ i
e G Gl ST D S
DL UG AL nd P Sy 5"
bt er LA B2 fle Ut e [y
s u:zj’““;u?“a e e QLS 7 s sl
FEIL M&“ o e bl S O
i .:f}J/wG;{ J4(1632) ("“’,UA eS8 T S
_BUSESLT g&""“é_c;g /»bgu/ mrd»é,u}"r
d/lﬂ4 cf/d/gf/l‘}@/?qudeﬂuﬁ;llb‘u’l
o wgﬁ!/Jw@g St G152 58 ot el
0,(Jbr La17 ) F x-2 o g = i,

_LL(}L"{:JU

a=-gj
a,=0,a=-¢g (4.36)

L U f 30t 20w U 3
Vo, =V, COs 0

Vo, = Vo Sin 6, (4.37)

b Jbd 35 m syt $rf 4.6 Ju
J12 m st ers e 3P0t e
S L e gt FleJi

bl 3L Wby, LSS UE4. 168 o
Sy U, - e v i s
S Ue sl Fewib By e e
GBS eSS B o1 2600

V., =V.—V, Ne

4.16 S
L bl 9:/)’le/£(vertical)gwl7}‘"’/@/ G’:';
e bbb e LUt 4.16 J

L biga 6190 CASIELE LI UG 1A
-%‘{wcd}i;vf”
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s x-L by gt 2sl 5 U (4. 38) bl
o Jgnlvo S Jw.r— Us Al & d}"ﬂ/- y
A U-L S ot P projection angle)
c?G:'!éié_nd;/ﬂgLui’y/;leé/f4
Ll e Gn QLT3 AL 7 il
b P e Gy STz e fle U121
B e fE LAy S 2 e
S 18w G SL = $1 T e L
Eie e 38/l Zury
L & L1y (maximum height)JLg';l (}’! S

/51vy=0

6=tan! v, /v, =0

S gl (5ol 5 JS 92
(Equation of path of a projectile)
L LU S Bt 25 Sl
xS 438 bl - J8 whle S
e dnfbeblod st i e te Uity

g X2

=(tanf, )x - —————
y= ) 2 (v,cos6, )*

(4.40)
S5t (4.40)blret Evyslgeg, L2

ESbsla Uy = ax + bx2 FZE b b
BE oSSy P il (S U3 L -t
(418 F)-c i

<

A
la:'g.]

Y, sin 90 ﬁ:

0e—v, cos 0,—> X

v

. = . . .
Sl SU, 8,0, a9y o S S L ) 4,17 S

oS (V) Kege

el ) Qe o e ¥E b La 172
Jest

x,=0,y,=0

:Zuf’@»bdj)‘@n(4.34b)_~,uuc)w

x=y,t=(y,cosf,)t

2L

y=(,sing,)t-(¥%)gt (4.38)

LS S (4.33b)ebls a0 £ U0 £t 5 T
ugél;éifla

v, =D, =V, Ccos 0,

v, =1, sin 0,-gt (4.39)
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Syl oo (5 S5

(Maximum height of a projectile)
(5’! Jo2isL wa.@:/? SEI t=t, JA(4.38)= ol
e Pk n, diiy

2
v,sing, 1 g [uosin()o 1

g g

y=h, = (uosmﬂo][ y

3

- ( vsing, ]2

; (4.42)

m

2g

S (S By

(Horizontal range of a Projectile)

o Foee s SE e (x=y=0 e b
e $ S S T 95 £ S y =0
eu I e Jﬁ -t 'Zé (horizontal rangeR)

:J}'ERé’J“AJl%dA;C{}Zuﬁq}
R =, cos 6,) (T})

= (v, cos 6,) (2v, sin 6,)/g

b

2
v, sin 26,
R--2—-90 (4.43 a)
g

A uu’(}/yzd;bgf‘a v fbe(4.43 a)ells
=D 1R d/R <“i Lvo (projection velocity)
S @m‘ ’ U;’J sin 20, ..').:d/n (maximum)r‘ﬁj’

0= 45%«9.

A
Yy
Vy:()
- V=Vx1
0=0
/j\ \// &
v 1
'y i A
73 |V0xl
AN Vox1 ~N\wv !
vyl |
1
A/ _
Voxd :
O i
N
0
Vox1

e I (Vs e o, S WSy, 4,18

3y S Sl g o)
(Time of maximum height)

,féut?‘LCQ&;W‘;L;?JJ@!%J%{
e (4.39)=blrd 1o, =0, & 16 oot
:ugédlﬁzﬁd/tmﬂ
v, =V, sing, -gt, =0
\

t,=v, sin6,/g (4.41a)

(4.38}:'5Pﬂ7} =y f@ o ek JUU” JJ/L*/.G){
Loy Jes y=out

’1} =2 [, sin §,)/g (4.41b)

Jf-up & (time of flight)= 011§ fubr, ST,
(symmetry]_f@éob&ﬁu 2tmf§.c«LJL/

=3
Il
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x(t) = x5 + vy, t
ylt) = yp + vp, t + (1/2) g £
Xo=Yo=0, Up,=0, 8,=-g=—9.8 m s?, Ul
Vg, = 15 m s’
- y(t) =— 490 m.,,ecat'l/ga.uﬁ/’::’)u’l/%
-490 m=- (1/2) (9.8)t”

t=10s &
Lus Uy = Uoy— g 2lu, = vp, VP
chat"/gcdﬁj/.”:_',e:!jf‘)

1

U= 15m s

Upy=0-9.8x 10 =-98 m s’

Sele SAEL U

Jul=v? =157 +98% =99.1m 5™

Lt g s136 300l S sty b Fra OgLs
e dedFe JpS28m s el
£ G 510t K S sl = sl (a)
= ELWEE o bend 25

~§wi&+u€”{4fwﬁfuw&w5@w

thﬁ'(‘y' (@) < gr

(v sin@, )’ ~ (28sin30°)"
m 29 2 (9.8)
_ 14 x14 _10.0
“2x98 ™

(two new x’{lrxf;_,l;'/@l‘gx&g4.7 Ji—
/ﬁdlfcj.; c«l&@z'u"i(‘a l«g(u:sciences
u.‘.:’/‘a ‘3}4 0l | [uﬁ Ul 4l = 450

-“&}'(c/, e/ug u"-“uj’ &n/.'/. (ranges)

b = vy oSty o1 0, 68 G o
NI r

g
i 20yl £ (45° - a) sl (45% @) Upsls ]

vo2sin 24,

slsin (90 + 2a0)-$(90° - 20 4(90° + 20) 7
- Js cos mﬁub{/ﬁ d/u]» sin (90° - 2a)
“LMLJL{uﬁj'ﬁf/.’/.célBO/jd/cﬁ”id:c«lpb';/’u’

'u,?én/.’/.uf’/d“”’

(AL YA (hiken kol 4.8 Jus
}%VQM_%&}MQO mf_uﬁ]ut{.-baw/
e e Jpdiad 15 m s1ter @
A S E e Z T ety (in
JkJJ’&)L'ﬁL&JM@&)WJ%’j

it

ME GG LF AL WSS s
ered i x LUt =0/ L L L& f
eSS erad §od -y S APE Gli
oyl -x Ll TS & S A e S

LBl e pnd]
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S Iy Gzt Sin e
b 1B S er S ¥ 1L s
S ot S = (4.43) 2ils 2
fd/nf;_/ﬁu’!u’{/ﬁgfétfﬂfgj!db'gn
&Ctg S5l (4.42) e hils 8y
S (&,guﬁ SN l.,‘-(_’,fb.,l,ba
g

o fo L L e ity Sin
e N2 et S ZE 5 L
3 S S ez p Singp 2 S, P
< o ébj}' (y' e So b b Ll
Fentd 6L bl st ukls
’M-‘L&}’ZJ’L?J (ﬁﬁr/fd/wl/d/m:?‘a
L Pt bz §in e 273 §
sl

=76 uLE 4.11

(UNIFORM CIRCULAR MOTION)
ub{/cﬂ//u(i?ﬁ;C‘%cd.lfﬁl”/?wd/’biéfyz
Qndl.&tuﬁu‘tdtgmuuf”w-w;f:f;d/’u
L e G P U Sy Sl b 2
= (uniform speed)Jp ULE 7 o7 CRE I E
W& B e LSt 410 e 3/ 7
e U1 e Ui e (st uﬁ,;wm.wa e
U S e S AN E e

R==

B NIRA

=28/9.8s =29 s

(visin26,)  28x28xsin60°
g 9.8

S P, Mphiuil By (1

W FL sy et ot Bif ezt S
oy ffu’/ui oS K:/’//J/L%.Gﬁé Ut
i1 Ay I Selry et p Sl SV P
K502 Ul U1 S ol 0 U e o
d/ (viscosity) <217 :%.LL g.,lb/ J"w
G e o amty e e
s &S =i S e/ 7 iUt (Dissipative)
Qe Pl st farbedfis e tuii
bt Olo o Ko 7 ler Qo 2 st S0
prec trve 36 L) K&:J/&@é L Uie
= 2 1lbuIp It bardarrind
Unls 98 £ _5/”/? P ufu'/:~i:
Je P n s A Sunes 21f
R e e
Zx 0t Gz g S ety §in
Godnd 40U 7y Pale e i

T, =2 v, sing,)/g=2x 28 x sin 30°)/9.8

< ﬁéfdwfuyzdu;d/gu’lcﬁng(c)

69 m
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e S rerfuiogtn e LUAE L]
Z4/4L£2,4i,£:;uiﬂj}bgjbg;ﬁ;.Cﬁgggzb)Lﬂ-*g;
SUAN s bt Sl e o itend

LSS

(b1)

U ,}V‘:/’/}Alru»igu'v'nlvmr'/ﬁlrL'l.

-[4.22(a) F 1< £ Pl Po6 e End =75
Il gy & ol & Sl
vulvU #2419 all e dnferdelr

(b) (©)

Bl 58 oo or €S0 o8 Ul L gSAL 85 25 (€) S5O0 (@) [ ol 55 )8y S ST b I (557 25~ b 0l 419 5
_CA\.?}.Ag.,.?\_z-ufjffecf,_jjbt\ﬂ\f;A.)a_é.?:)_i\facfo\)dj:b(ca

LLfJgJ“5GJ}de)ﬁJa‘&lb‘£4f

-§.3y@q$
lim |Av|
2= rt S0 ae

v e A0 KU L ar e ol

S8l el Ut S L UG 2w
B (ACPP) &l b 13 L U 6 Lo A0S
(12) FUAGHD) &b b 25 £ Av sl vo' U
L el {1 AU1-[4.19(8 F1up 24 (similay

Fuibeds Ll & s t14.19](a2) Foe LGS
FL S §0 Bl - LU S b avl S i
S Av, A Uty vir ol pvr e £ 6 U
Kad Uia- AA—‘t’ oo Ut S VT 1ol 7, B
enLr ez s s o) e Sl ae
erSIL u:’g Al i/ (bisecthidd e sl
U4 14.10] (b) EES sl - e STp L 21
Aol alorvee FIWhd L5l 4Gk
bl Jlee At>0 U2 [4.19] () - b U

ga_fu'}ac(c;ﬂbdjb‘cjJ\_@@bﬁswﬁﬁwg)KﬁT))\A?ﬁo ‘wﬁ-b-J\_CAU&-)A%»&)J:?(A?J,Ab-At%O4.19J§-‘~

SSRGS S e Se il
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2Bz S rd g £ Ui Rl e
-k Jﬂ}}:‘lul+ Y Jﬁg el Jn.iﬁf"up/
b g 12 U AU B

A Ol gt Tl §E T
Jblaoaf Ll S & e 0
CPLS Yo L"ng{’ P'e Posic s h 2 At (= t—t)
S Q- 2L Aob L3S 20 b e a0 ot
dw AL PO drd Do
LA LSSl

w= ——0

AL (4.45)

/:U;c As/d/» u;"/uri,gu'é PRI &}Atﬁ?’
F(as = PP S

2 Uias = RAG,F
v=R%Y = Ro
v =wR A (4.46)

Gt E LS A IS S A n

2 22
a, -2 8¢ R =o'R
" R R
a.=o’R (4.47)

Tomb U e te (T fE 6.4 LK)
(e /oM el il
2 2 (e %) (frequency) s 37 €& e
Jhanld o (k02 &0

JWJ&;/;}MJJHJ&%}!JHJJM
_Jn/.’/.ica{“;d/ufu
BE

Av | Ar
v - R
L
|Av'\=uM

R

Y

ja|— lim M_ lim U\Ar|_£ lim M
At 0 At At—>O0RAt RAt—0 At

LAY PPU iUt o Ikt § 0T b AL
vl LA
|Ar| = DAL ﬁ

jar]
=

L

lim M7
At—>0 At

v

d/ (centripetal acceleration a,) Cl/lﬁ ﬂ}@/"u’ /
(U@ J: 5@/)/,30’}&
a. = /R)v=v2%/R (4.44)

L& SFe Jovyemdnpisdr 5L b
Sl sterd e dr2/RBS L
Uz IS UAL P U e e Bt
258 U=l 1) Ut 2 (centripetal acceleration)
Yo FIF 12 S (S K
(Christiaan ujdL U U Bl 1673
S A0 B (1695¢ 1629) Huygens)
“centripetal (52 /-3 & » H‘ KNS SIS
oS P P e 9
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12 em =R Ulz-e JESeTEAULE Ll o iz (s = 2mR G
¢9JﬂJkad£”J~% v=21R/T = 2RV (4.48)
w=2rn/T=2t x 7/100 = 0.44 rad/s ﬁ‘uzggj;‘-wuﬁcu&éld/v)ﬁr’lfac/,!m,vcju’l
:%UJ‘L:’&}J" w=2nv
— _ 11 _ -1
V=mwR=044s x12cm=53cm s b =21 RD

Sy sivterd vl Er Lo a, = 4720°R (4.49)

G e L eSO G her

-Lgufgv&“’”,gcwéw:‘g&u&méwd

ic‘;/ﬁd;ﬁdccr,@/‘/ﬁd;ﬁgfal/!dg
a=w0’>R=(0.44 s"? (12 cm)

= 2.3 cm §°

EUGHL Fid12 em 4 L 4,10 Jes
0t S L AN
S S (@) £ g7 Ut 42100
FF gl 2 O S o e S e

?dﬁnéf/ﬁu(nf"ef

o
solecdelpe S Ut Gt (magnitudes) /G A UE P UL A0 s i
g e S s e
Suned T U ,éJCy’:/Cs'ﬂﬂug&n U sl BUE ST S50 i 4o s
G OIS BLL B pe g Pd
S B3 et P B o LU I I P Mo BB 5T A )
e ed A S Bn oy el Uler L Uile drerl AT e a2 e gt
g
I FOSL L 22 B sAUS

(head p5 v ¥ V& L P bl L UKL 54
~ I b SN 51 5 £ L to tail)

£

=1l

=3

-4
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:c‘;(}n‘(commutative)@:w & U/ U -5
A+B=B+A
ZLLt‘/JgJLf‘{u((associative law)0 56 Jlasl o
(A+B)+C=A+(B+ C)
d/u‘léu‘hc".(}n}‘/ﬁdwf}.{/.c‘_Gn}‘/ﬁdw‘ffc‘-mg‘“w Ao io  (NUll) psdes =6
_LLug}dJJ/;t/Jg/M
WALV PNy

A+0=A
A0 =0
OA=0

g LSl n B oA (L/J’Zé./f;A/B,v 7

A_B = A +(-B)

Iujé/((resolve) m,;.u"jaufc%“fb/;'a uf‘“»éuu:dﬂfu’% ,,’#“JK -8

A =)a +pb
-@;¢x!&z’u/,'x Jbz
{VJKLCL;W:@'JJ:MJA 0313'4;.314 ljﬁd}ﬁd/gﬁéb'_g’ucﬁ“églz{bcAfJ( -9
A _ A
n-=
lAl

erSuns 2 yx A B SO T A e ba gt Sl bG8 k 4 &30

_ugLnéi,uﬁ
P E LSS 5eaf A 2 110
A=Ai+A]

e tbe 1130 AL —x A g I AL A S er§Und -y —x %}'ﬂldiAyu'Axul,(,

Ay

Al = A2+ 42 _
A=Al = Ayt4y, tan® = -

»l A, = A cos 0, Ay=Asin(-)
3?0’:RCf'd/B/:’Au;f"»d:df‘"x—y/ﬁ_‘afﬁ@’jﬁégvffuffé%)ggi -11

A
°

R,=A,+B, »# R,=A,+B U R=R,i+R,]



111 =g

FobnZr st s = xiey] LSl bt itn i prel & SUAS _12
J é{ub‘j“ 56/}/ (displacement)
Ar=r'—r

= (x'— ) Hy'~ y)j
+Axi + Ayi

SUdE st v X sy by Sutie P artaten 52 300 _13
% At ¢
ﬁ-éa lrtgn}%/"é/"At_.«eLL&n/.uL/ﬁ &fiu’fd//fbm!

S
TAt > 0At  dt

v=vxi+vy:i+uzli %éJC)J’U:U;'WJ’L;K'
dx , _dy, _ds

A T T ar v
FEE b i b 2162 1o er S ol b W 0L & S B LT
-‘agnuﬁ:/uﬂjl/
, — V-V Av g 3 o & o a4 P
by a= AL AL t\ﬂ\h«e;\Ku”:’é"_dlgnv'c;vruﬁca’)ﬁ:AtuL’/Jd./q -14

At =0 Sz B3 E Bl bsa Lt

a BT @v
T At 0At  dt

e P b 5tnea St FG12

a _do, o _du, a _dv, L
Coodt Y dt Tt dt Vi

Jigt = O:!L//}lc;__/f“'c, a=|a|=jal+a; C'/'(J@y)ut.{d:dﬁ/tf(ivgﬁ -15
Ju"/}l(nr =r, tv,t+1/2 a tzgfr@KJ'gt&V/Cf/?cgroﬁ "LEZAK

_d/n'v = vy ta t/G/
_gb/kw:CG/L&Lé&Vt:ofvou%

: APz
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y=y0+voyt+7ayt
vx=v0x+axt
vV =D +a,t

Ol y5b S BU S S 1 (63 gor bl g sl By on S E 93 o S oo (S g (S
et S
Z b3 O o xd Gy Z S e Ve Qe 3 E Gl L5 b 16
?9J:}J;A/?L/yé(@%df/fﬁchAdnggu’lfdg/J/;(b)‘L(g&gjc_—UOJB/JUZ"L!Z
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