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(ii) Instantaneous acceleration

EXAMPLES

(1)
Two points are located as follow: R=(1,3,7) and Q=(-2,0,1). Find the
displacement vector RQ

SOLUTION

R abail o\ axioll @lay Ul (suss 1igd RQ axioll US> Ll Loy
Wwolw a5Vl axio UgSaw Ny Q abaill ye é)le ailgis
laJl abs Bio 29 )b WLl abi
RO= 7= (x_ xo)f'l' (y' yo)i"' (Z' Zo)lg
RO=(-2-1)i+(0-3)j+(1- 7)k
RO=-3i-3j- 6k

(2)

Suppose the position of an object moving in the x-y plane is described by
the following expression: F(t)= (2t~ 3)i + (¢*- 3¢+ 4)] in the SI units. (a) Find
position, velocity, and acceleration at the times ¢ =2 s. (b) Determine the
magnitude and direction (with y-axis) of average velocity in the interval
[0,4 s]

SOLUTION

(a)
dismo alimd sic ¢, luilly ac,lls @Lamoll slul clio wulb Jlaul Ol Lo
ooz e,Lusg dcyw wellaoll Ol (susy 13p9 (o) 8,39 g



A. Z. ALZAHRANI
Ol 129 3lasoll @Wsleoll (28 03U 6,milo Loge @dluol) @il
Flt)= 2t-3)i+ (- 3t+ 4))

Flt=2)= (2x2-3)i+ (22- 3x 1+ 4)]
Fle=2)=1+5]

asleoll oo A% Lils calamlll ac il slauVg

<!
1
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ac,udl @ls Ol 335« awadl as3Vl als Jolais
o)z 20+ (2t- 3))
Ol g @ll (08 posll e panseills
V(t=2)= 20+ (2x2-3)j=2i+ ]

&Ml (sdasy csbaz=ll g, Lud] 018 Jiolls
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Ul 2 o3l auwudl acyudl als Jolaig

alt)=2)

A

alt=2)=2j
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(b)
aJWl @Ml (sdoss @lawginl] dc,dl Of a5 i Lol GVl (o

. _Ar
vav =
t

Soluws 8,uall 04 9 a3 vl cus

Ar=

=4

)
Y

0
Foo=(2x4-3)i+ (42-3x4+4)j=5(+8)
Foo= (2x0-3)i+ (0°-3x0+4)j=-3(+4j
MF=F.y =Ty (5-(-3))i+ (8-4)j=8i+4)
Soluwi 8,58l 04d 9 dlawgiodl ac, ] Ol A= Lpiog

A7 _8it4j

7
“ At 4-0

=20+

ol @yslilly dcsull 03d doud Sy (axeS) ac il Ll ) JIgudl (S
Soluwi dawginll eyl @oyd.....c>g0ll wlslall 90 go lpeiai

‘_}’

av

= Vv eyl =274 124 0% = 225 m/ s

oSs) Jexo Sl go axioll lpmiay (sl asl3ll ol Ld,e Wl Juasl oo
&Ml (s (Sslall
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ol wlslall oo 2o darwgioll dcywl lpzias sl duglill Ol Az T
Sgluwts

[
0= cos”' DLD = 63.43°
i 42.25F
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Projectiles &8gddnll : NI 521
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V=V
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Projectile Motion Equations

Horizontal motion

Vertical motion

v, = v,cosf

v, = v,sinf - gt

x= (v, cosf)t

y= (v,sinf)e- L gr?

_ vy sin246 . (v, sin6)
Range, R* Max. height , H = ~—*——+
g 2g
2
gx
= xtanf - —=——
Y 2(v, cosf)’
) ) ) ) _ v, sinf
Time to reach maximum height is 74 =
2v, sin

Time to reach range is % = 24, *

g
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EXAMPLES

(1)
A ball is thrown with an initial velocity of 20 m/s at an angle of 30°above
the ground. Find the maximum height the ball can reach and the time
taken to hit the ground again.

SOLUTION
Ol ass g las)] Lsuadl @sleo b Lavgeill

(v, sinf)? _ (20x sin30)*
2g 2x 9.8

H =

=51m

Soluw (5,51 850 Lo,VU @olibrsY ozl B! o) @l>,l oMl o3l

‘= 2v,sinf _ 2% 20x sin30 _ 5 045
g 9.8
2)

A ball is thrown horizontally with an initial velocity of 25 m/s from the top of a

60-m high building.
a. How much time will it take the ball to hit the ground?
b. How far does the ball travel horizontally?
c. What is the velocity (magnitude and direction) of the ball as it hits

the ground?

SOLUTION

(a)
Ol pleid (sJoVl alnail) auwsll

y= (v, sinf)e- L g’
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ewai Wl 40 Sl @alill Ol (susy 1gd Lsdl slbl powzdl Ul Loug
W JSiadl (sde aaludl asleoll

-2
yz-tgt o 1z |22
g

a3Vl 8,Lal ol us 1389 JowW iy powsdl Ol s\ Ol L ppoll o
Solw ool Ul azs @slenll (9 Lasgedly wlw UgSiw

= [2s 260 g
g 9.8

(b)
a Wl sleoll pazios powsl lpehd (sl @8dVl @dluwoll Ll

x= (v, cosB)s

Sl JSill sle asyludl @sleoll uai sio Salus &bl Ol oo
X = V!
Sl 8,88V &8Lunall Ul 230 Lpiog

x=25%x3.5=87.5m

(c)
&Ml o s ac d) duud] &S0l Vol

v, = v,cosf

Ul 2 100 Soluws gl Ul Cuu>g

V.=V, = 25m/s
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&Ml (o s ac, il auslall as,0ll Lol

v, = vysinf - gt

Ul A 100 Seluws duglyl Ul g

v, = -gt=-98x3.5=-343m/s

OgSaw & ,udl,lnio 0ld (sJllg

7= V202 = 4257+ (- 343)° = 4244 m /s

il Hgzeoll 8o azinll lpeiay (sl ayglll

4Oy, O 4025 10
f,=cos'=[= cos”' = 53.9°
o7 o8 EME 0% H42.44F

3)
A rifle is aimed horizontally at a target 20m away. If bullet hits the target
2 cm below the aiming point, calculate (a) the bullet’s time of flight and (b) the
muzzle velocity?

SOLUTION

(a)
Ol pdeid (sJoVl adnail) auuwill

y= (v, sin8)z- Lgt’

ewas JWUs 40 Sl @alill Ol (sus 1igd Lasdl slbl powzdl Ol Loug
W JSeadl (sde aaludl @sleol!

-2
R
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a3V 6,Lal Ol cus 13dg JaowM sy powsdl Ol b\ ol L ppell oo
Solun o3l Ol azs @sleall (88 Lavgeidly @dlw UgSiw

(= |2 - Jiﬁ@i&119§-=01m4s
g 9.8

: (b)
Ul a2 (aoledl dsleoll o

gx’

= xtanf - —=——
yoorn 2(v, cosf)’

sde @sleoll UgSiw WL Gao Selus) auadl wols HUbLYI asl; Sl

Wl Jsoadl
__gx’
& v’

ol 33 1 8,b (58 Jgpzoll UgSy Caumes @sleoll &S bsleby

a3V 6,Lal Ol cus 13dg JaowM sy powsdl Ol b\ ol L ppell oo
ac | Ul azw @sleoll (89 LAl wJlw LgSiw

Vv, = -M‘ 313m/s
‘ 2x (- 0.02)

Exercise: Solve Part (b) in different method by including Part (a) in the
calculation.
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(4)
A ball is thrown with a speed of 25.0 m/s at an angle of 40.0°above the
horizontal directly toward a wall. The wall is 22.0m away from the release
point of the ball. How far above the release point does the ball hit the wall?

SOLUTION

Ol az @olell @sleol o

2
- gx
= xtanf -
Y 2(v, cosb)’
2
y= 22tan40- _O8x22 == 12m
2(25c0s40)
(5)

A projectile is fired in such a way that its horizontal range is equal to three
times its maximum height. What is the angle of projection?

SOLUTION
Ol puany Jlgudl o
R=3H

Jseadl cale wgSiw @bl @sleoll Ol a5 «Saolls ¢ las,l (sl sidsleo oo

Jul
vy sin2f 35(1/0 sinﬁ)zg
g 0 28 [

ol W&, auwigdl Jlgadl o SJs

sin20 = 2cosfsinf
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s @l @sleall 0 alcs

2v; sinf cosf _ 3%(\/0 sin §)’
g 0 2¢

I — -

ol 1z colpliviall laisbs

2cosf = 3|]sm9D ~  tanf = i
2 f 3

f=531
(6)
A projectile is fired to achieve a maximum range of 140 m. What should its
speed be?
SOLUTION

«s29V| (999 45 a9l Bgiaoll alla loaic (ge=xii sillyg Sao (suadl Asleo o
Ol o

2
R = ‘izo - VO = Rmaxg

v, = V140%x 9.8 = 37m/s

(7)
A projectile is fired with an angle 6 above the horizontal. It takes 15 s to reach
its range of 140 m. What is its speed at the highest point?

SOLUTION

W osis WL 80 Solus £ las,| (suadl aic ac,wl) daslall &S0l ol plss
s il &S0l a>g5 Ul
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&Ml (sS2 .88Vl @8luroll Ol a3 (a88VI &S,5l Vsleo (40

~ | =

x= (vycosb )tz vyt - v,

X

Vo, = %: 934m/s

X

(8)
A projectile is fired with initial speed of v at an angle Q above the horizontal.
Two seconds later, the velocity of the projectile is determined to be v(t)=18.2i -
11.15 j (m/s). What is its initial speed ?

SOLUTION
SNl JSoidl (ale wiSs alasd sl e Weidoll dc,w ol plss
(t) = v + vy,
Ol o @i Ludl @sleolb Jluwdl (s slhsoll @sleoll @laoy 13l
Ve, = vocosf =182 [l
vy, = vpsinf - gz = - 11.15
v,sinf - 9.8x 2= - 11.15- v,sinf = 8.45 [2]

Ol o (1 e 2) lopasy e Guidsleall douwusy

tanf = % - 0=249
18.2

Soluws aslaVl ac,udl vl a= lgiog

18.2
cos24.9

vocosf =182 -y, = =20m/s
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Uniform Circular Motion Qedaiiedl @il I as ,adl :oJUJI ¢l

Gl v a,laso dcuwg T Byhd s 8,515 w8 punn> (=i ol) Heu boauc
Loiw 8,511 55 ,0) adlxil Centripetal acceleration 1S 0 Lo, it cauisSy
aJull adMell M o (slosy 0,)la80

2

_v
a=- —
r

6,5100) tangential & wlow WS abhsi Sl xic puwzll dcyw Ol SUL >
S50l £,Llul (sle @gac Lpild (sJllg

ol il GlosUl Lasr (sl Babiiow Wld cau,ils 88,5 e coasdl ol Lous
- sVl Lpio «&S,l (o £l lia

alolS 8,95 pin S ozl o3I 05l g : period S 91 o3l -)

aul JM> ool Loil csidl wlygadl sac 989 1 frequency 55,3l -Y
Sl ol wgléo 99..82>1g

-1
.
aJul a8M=JU B,=)9 : angular frequency SoliJl 55,1 -V
2n
= 2nf = —
w=2nf T

ol aaludl ©Vsleodl (o Az Cus

vV Wr



A.Z. ALZAHRANI

EXAMPLES

(1)
A car orbits a circular track of radius 20 m with a constant speed of 25 m/s. Find
out its centripetal acceleration.

SOLUTION
2 2
az V=2 31058
r 0
2

A bicycle completes 4 revolutions around a circular path of radius 10 m in 2
min. Calculate its acceleration.

SOLUTION

|Adg «uidad> 0,18 o) 9 whed & wdeSl asl,ull Ul a= wldasoll o
36,95 i 28 ALolS 8,55 JoS5 g3l v
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