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415 et £ AASL &S S Ji3
S s 4ty (f/.‘a VIS U 4.15 (@)t

k/)lKiJ;'uﬁdﬁ”x—y (Acceleration) ¢ | —!
LAt 5 G & g1 St S Ura )

- byl r b

yio§ 7 ¥
&
Q\
~N
P
0 " 0 0
f:Av
Vl
A\
(a) (b) (c) (d)
S g ol bl s S AAE0 (d ) gl S S@) Ay, (DAL, () Aty, (A>At>Aty)cdseiy s 4.15 S
_CA\:Lz-)At\JM\

d

[dx) d’x d(dy}
a=—|—|=—,a, =—|—
*odit\dt) dtT 7 di\ dt
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(Sl y

a=4.0m s?
4t= 1.0 s,
v=3.0i+4.0j
U:\m:&Om s ‘LLJ/GJJ’
e =St
UU

4[4 ° .
U—] =tan [g] =53 m"/é':x'/i

X

19=tan"(

W@’VLC’/‘J:’AJ: di‘“'u/4.s
(MOTION IN A PLANE WITH CONSTANT
ACCELERATION)

L Uinle o 7 ixy$irfiE G2 ol
U1 st e 0 s 5 5 S (52
J&4t=0c§; u’/“é - e & L1l F

S 47 d/ Jlgtesnlv L

L/
V-V, V-V,
2720 t
b
v=vgratl (432 a)

/?/)}’J..:'@Auﬁyuc”].'i:uf"‘/:«bVUQZw

o

WAy

UT—J‘ = on + C[_Ul

L (4.33 b)
LA 1oL s L g i
A E S et d LS Ul -
AT Ty E L S5y tmoSE oL

Zt-0=t = ) g:/“ugwﬂvozf’) d/z_u’/? Uyl
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Aty At At (At > Aty> At) - Wb 23 P LY
LZP,, P, P, bl ) J‘(GAL PR PUP AN D
b6 ST Feaiba@15) Uk r £ L 6 g5
L LAachirea S WE Ul P, PP P
e FE S oae L S 1636 e L G
ujﬁj:(’f-g_ JA?:?‘LU‘AMJCI/!MI:&WZ:

Grertvasctrc Qe sl acsass
G FSUNEE L Vs de
Flelirbi4.15 (AF) SEwAt>06Tc
e A QL FI b ettt

Liss Ol §& Ut ol LS 0%
W on Fer@ LT g Zay £
il &7 g o Lo F (U er I
8 s £180° =00 £ UF L1
e (T

r=3.0ti +2.0t2j + 5.0 k ,»L:»K;Au/4.4‘jw

10615 U2 WU 21Ul o
Fa(t) shu(t)§ems3(a)-nfb Ut KT S UL LA
SEetrean bl vty t=1s b)SE

<
Jdr_d i 23 ‘
v( )_dt_dt(3.0t1+2.0t j+5.0k|

=3.0i+4.0¢

a(t) =3—: =+4.0j
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=S

bbbt 52 Ly =0 (4342) bl
1
t) = vot + —at’
r(t)=vet+ 58
=5.0it +(1/2)(3.0 + 2.0j) ¢*
= (5.0t +1.5¢*)i+1.0¢%j

x(t)=5.0t+1.5¢

y(t)=+1.0t*
t=?Fx({t) =84 m LLLJ
50t+ 1.5t2=84=1t=6s

y=1.0 (6f = 36.0 myt=6.0s
dr

v=—=(50+3. 0t)i+2.0t j L L0,
v =23.0i+12.0j /'t =6s
=|v|=+v23% +12° =26 m ™! Josl

(RELATIVE VELOCITYAL U sis 4.9

IN TWO DIMENSIONS)
Q/W?L/azﬁt)fééw{(}vb&(ui&?y
L L TGS St s DA
v B A S 2 S BT QLT
P Qe e S T D S e v
e e BE AS W (e UL s

Vg =V, — Vg (4.35a)

:JnJ.}@/)/B/JBicMJJAi@/J’
Vea=Vg ~V,
—-v,, L

VaB

|VAB| = |VBA| sl
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/B/L/}’d/;u'ub»

vt ws +
L/)!Jyf{.gnr—roﬂd/n : 200

e Cyes el L)

ror =YV ) s (vo +at)+v, .
(e ()

2
1 .
=vot + Eatz

b

1
I=ry+ v°t+§at2 (4.34 a)

K(4.34a)¢>bbf,f§.6£lgJ:/.lf:—&vfagd

sle (3(4.33a) sl dr/dt@(derivativeﬁw

.:J)Lf-c;. t’/'/l/g up{:@/:'d/r= o4 =ht=0 (§ £
L Sl st Sz 4.34a)

1 .
X=X, +U,t+ Eaxtz

1
Y=Y, +0,t+ Eautz (4.34 b)

iU ysix S e o CF 6 L1 S (a.34D)

uf(JL’.”»)di‘“"Lf(ﬁ—Q?éﬂ&ﬂj‘ﬁ/,c/ﬂvgégf
Sz UFT S St 8 AN 195 f 7
R £y gt E AL Un UG
d;bgluf,?}::_‘at'n/;!{uﬁgfé = 7EE Sl
UG B elle e et e FL L T
(41012 £ 7 ftlry S e br gl T ET¥

LU

JB/JS Oim/SL'MD/).J}(/t_OC:’)LL 5 e
v}’u/'v(/gﬂu”u’r'”x y-LL/(C)/Wc;
Le5(3.01+2.0)) m/s2c/ij“"’”u"wi¢u(
Iy 8.4m u,{dul/x KL/)/?J}Lﬁ(a]"LL/
£ SIS e G3T kUl sl U

b Sess
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SIS a1 e G O/l a1 Jr1 T
JeuiS o e tr L1 6(F ) S L unlin
2o Ul U S e S S uie Ut
_e ey LeIK(J)
(PROJECTILE MOTION)&?J/&.G)/? 4.10
Sl ulg&)éﬂ/’/wnﬁgﬁ'g ﬂuﬁy%;w
& é/.» Lyl K.:/JJJJL%@{ (74/)5
ot 2 Sy e T G Ut it £ i)
P CERUAY S-S0 G WS 1Y
P e u}(/(}’;ﬁjljl»/&//&fl}@/?f
e e FL Sz Ll Guie (P
¥ J‘“’Q e bnr e QU 7 s sl
FeIL Még o e bl S PE e
L 7S elry (1632 M 2o 6 TS5
BTV o o (IS 121G 0 B
Sty 7 EStlr, SE U AU
oL c/uilfdlw.@g St s isd Jot iy
0,(3br La17 ) e i -2 g = v,

_4"_3('/.,:!]

a=-gj
a, =0, a=-g (4.36)

L UMJ";'Z'//);"]JLVO/B/ AL

V,, =V, COs 0,

Voy = Vo sin 6, (4.37)
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(j"/nuézgcd.lfd/SS m slg/ﬁd)/4.6 Jle
d/12 m sluﬁw%«/"’ad/&”u?l}é:ﬁ%
PLLZ e g sty Fle o

‘e Lttt

oGl 3L Wibusiv, S SN 16 F o
Sty u, -2 L v S S s
SIS L e oty Fluib by g = e’
NN RIS PN AR -

Vib =Vr =V

>Z,

4.16 JSo
L Ul 95)’)XV4'_/,(vertical)_'«LZ/‘l,“«'V‘/.l:"/ 6)'):
e bbb LIS 416 F

L d b 190 e ST LI 076 1Y
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=S

s x-L Jeluy gt 2ol & e (4. 38) bl
o Pty A5 Qe sk v G-y
UL S en Pt P projection angle)
e 1L L a o AL UFyix S E A
Ll ee En QLT 36 L, A L =7 fiby
b P Ut e a Sy ST a7 e Lle U1 7005
A= PR VL ST
J@w4.18f.nd/f§¢g;ufuﬁwg}m
EST P Ve 3,3 a1 d £ oL
' L L1y maximum height)él{';l (}’jﬂ S

/ley=0

=tan!v, /v, =0

Ol gl S ol S JUSr
(Equation of path of a projectile)
“i Z J! ?4;_ ‘3% l[dﬁd/ou o;/& ,gju’Z: Jfl‘}.c}/?
s 6 4.39 = hle - nr T8 whle $ ot
e e be bt e te Uy

g 32

y=(tang)x -———
( ) 2 (v,cos8, )’

(4.40)
S5t (4.40)blrgr E0, g0, £2

Elbsla Sty = ax + bx2 FZE L6 b
36 ol St (e ila S (S Lt
(4.18 )
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A
Y
T .
= 1 N
ER Y la=-gl
7 1
=y i
I
|
N 00 : SN
01—v, cos O,—> X

W e . .
Sl STV ), 0) agly amor =S (S B 4,175

~ S (V) Kage

L Ao ot a6 JerLa 17
et

xX,=0,y,=0

:Zufﬂ/}b‘b@»m.s%puu@/w

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

2l

y=(y,sing,)t-(¥%)gt (4.38)

LSS (4330 bl 020 £ 0yt
ujibé‘fﬂlp

v, =D, =D, oS 0,

v, =0, sing -gt (4.39)
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Sl g el (5 Py

(Maximum height of a projectile)
ri’, S L J/w@{ SE t=t J4(4.38)= sl
e PLl ot n, dee

2

\
]

'(u sind, ( i )
\ gl v,sindg,
U=y =gy 0|9
2 g
b
sind, )
v,si

m = 2 £ (4.42)

29

o i S g

(Horizontal range of a Projectile)

- h.f(llz’» J! /Jga(x=y=0)(l.'a'f él,&’
LY fl /u’/» f&i 23 z J/V.Gﬁ/?n y=0
s I e u’” Y4 ':&/ (horizontal rangeR)

wRE LU mdE T,
R =, cos 6, (T})

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

’

2 .,
v, sin 24,
R--27 70 (4.43 a)
g

o u“’énd;.,gf‘a v fbe(4.43 a)ells
= 1L d/R cc“J. LVO (projection velocity)
fﬁm‘ ' lu;p(sin 20, b'a%cd/n (maximum)r‘ﬁj'

0= 45:%/7.
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N\
Yy
Vy—OV_V A
-- ~loxl
9:
fl\ \Y//4
v 1
y ! A
A Voxl
N Vox1 A\ !
\ vy J i
1
A v/ -
Voyd :
O 1
N
0
Vox 1

o or (V) S, S WSy, 4,180

3y S Sl o) o)

(Time of maximum height)
T2 ot WL L2 f i HS ey
= (439 =hrd U, =0, & U1 et =
:ujéd@;ﬁd/tmﬁ
v, =V, sing, -gt, =0
L

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

(4.38) 5L~ (’fo ) J(@ o ek Ju’f’ JJ/L"/.G)/?
Loy Jes y=out

’1} =2 [, sin 6,)/g (4.41b)

.t &L (time of flight)=s JJ/§. J/w@/? ST,
(symmetry),{li’jﬁ ol [}6- T; =2tm,J/‘L =l u(L/
e Qe SCHSE s
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=S

x(t) = x5 + vy, t
ylt) = yp + vy, t + (1/2) g 2
X=Yp=0, 15,=0, a,= —g =- 9.8 m s, Ulg
Vo, = 15 m s?
- y(t) =- 490 m.,».g.m/@;u:;c:awfi

-490 m=- (1/2) (9.8)t>

t=10s ﬁ

_LUﬂvy = Ugy— g W2lv, = g, 1210

e L"!)"’/c;uﬁjfzh'.«a:lj#

- -1
Uoy=15ms

Upy=0-9.8 x 10 = -98 m s’

Sedg AL U

JuZ+v? =157 +98* =99.1ms ™’

Znd buosl K300.,;9J/?;|4M&5! 4.9
e Qe F e Uy S 28mrmsl o g
£ C S0k A K b = il (e)
= ELnE e B lobend 35

& »«nj&%i{;i/d '&fu%d»ﬂﬁw

th'ﬂr};" (a) <5z

h - (vy sing,)” _ (28sin30°)°
" 29 2 (9.8)
14 x 14
=598 " 10.0 m
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(two new f“/l/xi:’?t:(@!'ggyf(4.7 Ji—2e
/,Ed/u}é; al&@z'g;)":.(‘a b{u’:sciences
U?/‘L ‘3)4 ol | f/uf Jr 4l e 450

_“éca l:‘:’/ug u"-“uj &%/.'/, (ranges)

b Kg{c— UOJB/J'/Q’/?:/”J QOJ/%GU? J;’//';l P

Srer i

Up?sin 24,

g
Ei S 20, £ (450 = @) sl (45%+ @) Ugsli !

sisin (90 + 2a)- 2 (90° - 20)51(90° + 2a) =
- s cos %&ub{;ﬁ d/uju sin (90° - 2a)
‘c‘.upgfu:/w/.u.r_%o/ﬁgf&é’.L_»,L;Lﬁnu!

_q;&ﬁ/.'/.u:'“’/(?l

4L/£uﬁgd;£/u/((hiker) Codll 4.8 Jus
S s 41490 me iz -a 1
e e Jedzd 15 m s1gter @
AT E L S fetp fin
JeSUtei i ifie i@t 25 F

s

ME S L of -y xS AL Y § A e
eredlb x Lot =0/l L v & A
F S ferad §of -y 3PS b
2yl xZ 7S & S A e S

LUt L e o]
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LI S (P SN IRVIAtNS
T N A
Fo-e ot S = (4.43) 2ols 2 S
J%J”{"‘GJ'UR{”}J‘%"V%J"L” =28/9.85=29s

Fod2 5L (4.42) bl %S

S K&“};ui =3y I g.?,u_% gaCf;’;/?i/d%fu%dwJgd'aﬁng(C)

~uEd )
i po (vesin20,) _ 28x28xsin60° _ o
oo f L L e wapSin T g 9.8 —oem

e N2t S ZE 5
sz ey Sinp S P
< ok &Ljﬂ ry’ e St e Ll
Fen b b LBl AUt Uy 1
Iyt e S Lﬁﬁr/éJumezq_
L et t bozr$ st Sret §

Lepben il G

Tf =2 v,sind,)/g=2x 28 x sin 30°)/9.8

Y WPz g (0 Pl ety (15
0§ S 1ot B ezt S 1t
L L L &S T el st
il 7S certp Sin S B Y P
Ko U U1 e b, U e O
 wiscosity) w2 e U les fy
FF 8 oy ety § o S

Sl 411 s i Sedl STt (Dissipative)

(UNIFORM CIRCULAR MOTION) Bes et dozy Sedfis= Luid

UU{/&OJiiég&%LJ‘L‘?,ﬁl»‘/rwd/’bﬁéf_xz Hﬁ’”du@@{g‘wz,@&‘w/ (Eustede19
: uat"n(%»*’ ! K&‘J”%’/VG&J’_L

e et L e AU I 2 TS v - (KU1

\ . e = bt SrrdedipSind
ugftt-‘aﬁf/(y)ubfuﬁaxdjgu(wd/ﬁ_ﬁ ) ' . .
) u‘ibc;uf/-KL(aﬁszﬂbd?m{,«m{
& (uniform speed)J&v uLa.{{ 1y LRE I E

Je P s G Snen 1 f
WdE S e PUE U4 10 Leee G/ T7 e e

e AU U Gun G e UL or Zx 60t Ganrd S ety §in
U S e S AN E e Guldsr Qb U 7 -y sl Ces Lo
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=TS

Gt rerbula bl LUAF L1
UASE L L TP S (B2, A e
St e bt (L b siecd

LB

(b1)

2 eI el ivisiusir et

“[4.22(@)F | ¢ Pl PYE A Fn L s
Il sy & oS Bl g/
vlvy # Uk (4.19 aliﬁ.g&ﬂuﬁwkﬁ/&@

(b) (©)

Bl 2 o o 0 JK0) o Bl LigS AL 2y 25 () S8 (@) JSK8og | ol 5y IS 8 Jsp 557 S (6 5 0LuS 4,19 S0
cp Usn il (S5 S oo p Ll palaiicly) a STel) (2

LL/}GJ}'@J}Jﬁd},@Ja;&W‘i_@}

- 36
lim |Av|
[af= At—0 AL

v & LR e MO sl rsird ol

Kl el Ut S L UG 2t
B (ACPP) &l b 3 L U5 6 L A0S
(2) SV OGHY) &k b 23 Z Av il ww U
L el [0 U1-14.19(8 Fup &b (similay

Fuibedsl O ar Ut (4.19 a2)fe LIS
FL S 1ol bl TS o aw S i
S Av, Ard Uty v sl g v e 26 Uk
SFad U= a9y e AV sl 7 e
enL v ez o s s o) e L s
erdUS L U et pisectidf il
V41419 B Ui S ST 2
Aol alorvee FIWhd b5l 4Gk
bl Jlee At>0 414,19 - b U

ki p Sl e ied S snsses 5T g a S 2T AT 0 ¢ e d oo Ul 23508 3 T AT e b= At—0 4. 19 S0
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2362 S rd gt £ Ui Rl e
eI §u Gk erfbg (i
e e 12 DU e B
AL B gt ST S U S & '
JbLla2of LA Fe @ be

CPI Y tb By P e Passa Ut b At (= 0-1)

S Q- ZLAob 3L M0t phene ot
G AL Jfépuﬁ;f(@,mﬁ;{f)m

LA LISl
Y

~ (4.45)

slbe As[d/» 6’@/&4/55 PRLID cf’:At/’ﬁu:J
J(as = PP S

& Uias = RAG,E
V= Rﬁ—? = Ro
v =wR 4 (4.46)

G- E S F S b Az

. P2 _»R
R R

a,=w'R (4.47)

T Aele Wbz /& 6.8 Lk
(e QSO Qo s fiefiog
2 2 (o %) (frequency) s % §& A
Fhosld e 30k L2 St
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G § el o w2 E 3 S o B S U
-Jn/.’/.d:ca{jd/u;fw
BE

Av | Ar

v - R
[’

|Ar]

Av|=v—

R

<

|a|— lim |f\v| _ lim U|Ar| v lim |Ar]
CAt—>0 At At—>O0RAt RAt—0 At

LAY PPy iUt b (b b T a0 b ALST
g EL L ar
arj=vAt @

[
—=p
At

b
lim |Ar|
=D

At —> 0 At
d/ (centripetal acceleration a,) Cl/l}? )&C}u’ I
rdi’: J: ORI,
a, = /R)v=v2/R (4.44)
LLJ}L JLPV{ o//bLi;/s..éﬁjR L)/(Z//L"u"
ISR MJJ%LL Ost v2/R I Sl

Uz IS UAL U AU e e bt
258 U1 N Ut &L (centripetal acceleration)
Ko AP 12 S (S
(Christiaan deg U UL B LUt 1673
S0 TG U e (16956 1629 Huygens)
“centripetal 52 /(7 & » (J‘ fE SIS
AP e e g
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12 cm =Rut,¢-+dtﬁ‘d/c//d/’bubf-ﬁg < g :4".(3%3 =2t R $9>
iﬁ-zﬁJlegékﬁ'Lc‘- v=21R/T =2nRv (4.48)
w=2n/T=2rn x 7/100 = 0.44 rad/s ﬁ‘d}g/}wuﬁcw"d/vﬁﬁﬂ/acﬂ'w,vZ//J'
:‘Lvd&?&}”’ w=2nv
v=wR=044s'x12 cm = 5.3 cm s’ b= on R
JL}JV/JKJJ!MJV/C’){ Ll a. = 4n’’R (4.49)

Gz Sn o Sl el mSn st er

-eujﬁdlyvg@'/"éd"c‘-@‘z@u%w:

ILL//GU’),@:“LW//GLSLGU(C’/’U?
a=o0’R=(0.44 s"? (12 cm)

= 2.3 cm §°

ZUGIL Fid12 em 4 Ll 4:10 Jes
e bl Jp Uk £ Ut VU5
Qo S 7 () e BB 7 Ut 2100 1
Bl o) 2o &b ot

?dif&jﬁu(u’i_é‘«_{w

~ o
gz}u'&;quﬂgvdj})-u’?&n (magnitudes) (/2§63 2L S UL S0 o)l is ausis
_uguijl}"*f:d/u;/’ﬁ:uﬂaﬂf

JU’/’/@’JC/“J’D/?’C'/’UC’D‘J&;uj3nui»uﬂuﬁuﬁ‘f@ww,, oM
Gt SIS U AL LA g iy - SR

d///:’d)ﬁJA/,sd)ﬁd/J?LLt%JilaB{V“'/‘))ugw;g[/u(/}c;x}ﬁ&vﬂAJ’U’K/(’
e wd A S Bn et Uler 0L Uil e drerl AT e a2 e dntd
g

(head ¢ e Tt L & P bl s 3 3L L2520 B IaU»
~r S b g SVl 5 s £ L to tail)
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:‘Lan(commutative)ggxw CZJUZV _5
A+B=B+A
et JESS (associative Taw)o 56 JLal -
(A+B)+C=A+(B+C)
UL Utee (ot 21 36305 e B p2) BSrw S e b 3L s ool (NUL) e =6
-‘aufdu/t/@f):/
:uj&nﬂ@d,’v@u‘fu’i

A+0=A
A0 =0
OA=0

ISy L e B AL e a B3 7

A_B = A +(-B)

Iuj‘é/(resolve) Ag,'zdj'»uf.':a/(!b/ﬂa u%;él;uﬁdﬁ”ﬂA ,’&‘“u’( -8

A =)\a +pb
-@:'ﬁ’&?uu’k Jz
g’«"&gi-‘at‘n@buﬁo/d/A au;"a&n l/ﬁd)ﬁJ&%fo}fJg’MUL—Aé’"J -9
A~ _A
n -
lAl

erSus# 2oy A B e SET b A &bz Il S Kk G A &0

-ujLnébJﬁ
B E S E S5 A 5 Z10
A=Ai+Aj

Je tleyslio AL uF —x AN LA e SULF —y x ,gﬁld‘AyJ;!Axut{g

4

(Al = A2+ 42 _
A=|Al = AL+ A, tan® .

/5'Ax=Acose,Ay=Asin9

Hest RCf’u(B/ﬂAu%:uﬁdﬁ”x—yﬁ-%tﬁ@’jﬁcévauff(f{c%)&gf -11

A
.

A
R,=A,+B, s/ R.=A +B U R=R,i+R,j
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f&&fuér‘ﬂlrufrw r= xAi+y3 Q{L/}l&{/}l’i;@/}f(’f‘r::&"‘(G'»Liu/uﬁdﬁ/ -12

ur Zg/?n}’d 5@/}[ (displacement)

+Axf+ij

Sunlde 4 el v Aﬁt' b ie O/ P arctaten st B0 13
GFrocblr i S o at e Gual 205 Q11 Eol by

lim Ar _ dr

At —O0At dt

v:vxi+vy:i+vzli wiﬂ@}wu:u;nw{wém

L_dx _dy _ds
S AR VAT v
FE b b ube st el Wa b Wad oL 2 Tt B GL TS
_Lg&yzuﬁwp{gfv
_ v-V Av o R - . o Pa P
'/MazA—tzA_t t\ﬂ\bﬂ;\l{u’b’badlgnv'gv:u:;‘.«’;,wmuwd/é/’/' -14

M50 Szee Al Al b a U tgtests”

m Av_ dv
At —- 0 At dt

e b b stna Ut S

a
A & 0
a=aci+ta jtak

dv dv dv
=—X ,J=fy,a7=fz Ut
dt h dt . dt ¢

Jigt = O&V/:lc‘;u/f“’cﬁ:|a|=/"2+“f Cl/l(‘}y)ubfuﬁd}ﬁ;/é’;vgﬁ _15
JJ’/}lgﬂr =ry tv,t+1/2 a tQ,V‘rLE‘KJ!/?t&V/fJf/?“LrO,’V‘ (L’o‘»(
_u@'v = v, ta t/C’.J
—e AL E feslt=0 vy Uy

WM

_ 1
x—x0+vat+5 a,t
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1 2
y=y0+v0yt+§ayt

v =y, ta.t

vy = voy +a, t
Ol sb S B DI 1 (53 50 gotle sl b s By o E S 33 505 o (§ gt oS
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