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WHEN a stone is thrown forward with ad initial velocity V_ and at an
angle ﬁc with the Horizon, it travels in a way as exprqsgpd by . the .-
graph if Fig. I. This body, having such kind of motion, is called™a -~
projectile and this type of motion is known as the motion of a pro -

jectile. The path the projectile passes is its trajectory. In Scars'
University Physics, a projectile is dcfined as any object that is
given am initial velocity and which subsequently follows a path de -
termined by the gravitational force acting on it and by the frictional
resistance of the atmosphere., In this respect, a free falling body is
also projectile, but a particular type. Under the cffect of the gra -
vitational attraction, the velocity of a projectile changes instane -
ously in its value and dircction as well. It secems difficult at the
first sight in solving these problems. However the method of resolving
one vector into 2 components gives much hclp. :

BEFORE the calculation is storted, it is advisory first to idealize
the conditions of flight of the prejectile. As the gravitational force
F is inversely proportional to the squarc of the distance from the -,
p%ojectile to the centre of carth, then the range of the motion nust
be small; otherwise the variation of-F_ may makc the problem even more
complicated, 6 : 1

o e kP A B e A s e A L L A L St A Sk R Rk e i s i 4 et et R

( Range - the horizonal displacement of the motion of the projectilee.

Fel Mm/ tiz , where M - the mass of ecarth,
& m - the mass of the projectile & )
d - the distancc between the projectile
and the centre of carth.

Newton's Sccond Law of Gravitation )

It is an universal fact that gravitational forcc changes in
magnitude and direction as well from place to place. '

Furthermore the atmospheric rcsistance of friction is neglected also.
The totﬂﬂﬁerror of neglecting these effeccts is. not discecncouraging and
the apphication to the daily case is satisfied.

THE first consideration is the force system that continually acts on
the projectile. However the gravitational force appears to be the ene
and only onec forcc that acts. Its attraction is downward ind in the
dircction of the y-axis. At any point of the curve, the force can be
resolved into the x-axis and y-oxis components. This is a useful tee-
hnique. It is seen that at any point, the x-oxis components arc zero.
This means that the motional componental velocity of the x-axis is a
constant value. At the initial point, (the original position of the
projectile ) the force acts vertically is the weight of the projecctile
and according to Newton's Second Law .

F=ma & a = F/m
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and the acceleration, produced by the gr1v1ta$10na1 force is in the dl -
rection of =x (downdard vertically) and mag spitude g, iues

C|°

FROM the above discussion, it is shown that

a 1-

A-@axr8

at any point of the tragector; of the porjectile, 1ts velocity can be

resolved into the x-axis and y-axis components.

the x-axis component of ‘velocity is constant as there is no force in
action, '

the y-axis component of velocity is a type of accelerational motion
and obeys the rule of accelerdtion. g -

The calculation is separated into x-axis and yeaxis and the resultant
effect can be obtained by finding the vector. sum,

b & : V:V’x

_ -.V"-a
o g P, | at bime t= t,
1. = t1 o I
$5 Y- - -
. Jel ¥
0 ﬁq y”&QJ&
5
N 34
Hlay = B N GE
(1)

Velocity of the frogoc ory at time T

PR ——————————

In r;g. I, the initial velocity '0 is resolved into 2 components,

namely : Vog = V Cosg, ==~ the x-axis component ' ~ . "% evc.a (1)
v = V Sin g " reves A y-axis cemponent anditd kel
.oy o) o)
In time t, e.g. t = t@? or any other values, the x-axis veclocity is
constant and equal to¥ VOK =V Cos ﬁ as. therc is no acceleration.

The y-axis component is acce leratlag hav1ng an acceleration of -g
so at time t, e.g. t = %, e
(v=u + at) - |

Vv =¥ - gt

y1 oy 1 - oy ; :
- & 3{"1 = v Sln é J1t1 . nu'n:n (3)
The resnlatant -01001ty at tlne b= I:1 is found -by sum of
ity b it - — et s
Vi ® A qu + Uy1 where v, is the velocity at t:t.,t

v is the x-axis velocity
X1
at ﬂ—t1
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‘The ﬁedtor'vq.has ety value in aﬂblc g, w1th tﬂe horm-

201, ST 'qu d
tan fy = e
ld‘l _T...'Tan v_y,]/ vx,t . “1 :.oan.a ("'{‘)
( The general form at time t is g = Tan Uy/ v

; x
where g is the angle with the -horizon,

V is the vertical velu01ty & V is thehhorizontal vel-' 
ocity. S - )

(2) 5 .o | B

—--9051t10n of the Projectllo at timc t

3 m-—-—-.—-—-..om.--..—_—...u...u...-.-...-......;....;.-..-..........u-uw-—-.—-.—-

The coordination of the 1rojcc+ilc can be found by combining the
x~oxis and y-axis displacements vectorially.

At time t = t., the x-axis dis nlacenent x

i : 1!
X'i __-(Uo}{)(t'}) i :
7 r=(VDCOS ﬁo)(tq) a;.of{§5).
the y-axis displdccmont v
,11
2 ' i 2
== 1o L -
(s=ut + %at )_ N ontq %E?tﬁ_

2.

i

o o ik
Vouln ﬁo t1 -.}ég;‘t,I i (6) ..

From (6), ‘the equation of the »nrojectile is deducted, with y in
respect to x.

The horizontal displacement at: tlno t is x and the vertical dis f e
placement is y. From (5),& i

X =(VOI_._Cos gfo g & t =x/ vV Cos ;50 (?)
From (6), :
y_: Voyt el }5 gt21 i | e"oan. (8)

substitute the t by (7), (8) beccmes
= Y (x/ s - b’y
y _(Voy (X/VOGO ﬁo) g ( /Vogos ﬁo )
=(v_sin £ ){xfVo (e t,) - V-’-g Cx/v, e ¢,)
=lan g X" = epegunossaatn e vl (9)
. v e
As the quantities VO,_Tan ﬁo,Ccs ﬁo and g are all constﬁnts, (9)

may be exprcssed as

y.= ath;pzé whiech is typically a parabola equation.
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FROM O to H, the projectile has an vertical displacement of HM. ff-__
th ig the time for this displacement & -
vy is the vclocity at H of the y-axis. Then by v = u + at

Ve = X - gt

h oy h
Vy = Vooln ﬁo -8ty .
But Vh = 0, as at H, the projectile has no vebttical veloecity and it
begins to mOVucimqn}ﬁ%ud and forword.
So 0 =7V Sin ﬁo -8t : :
&, - i = O = v - .o -oll. I. -
nd by V. Sin ﬁo I & re H o= - / B (10)
If by s= ut + % at2
1 2 5 : :
= v b T Lani ey PN
HM oy th 5 8 th Qr . (’M)
HM = (V051n éo )th - %e ty = s s BAR)
Prom (12), it is deducted that t_ = HM/ V__ = %gt  eeeo. (13)

h oy h

FROM O to T, the projcctile also have a vertical displacement of HHM ,
but ~HM. It shows that the totle resultant vertical dlopl‘coment of the
vrojectile is zero. If

t is the time for decing this c1splkaneqt from H.to F &

tgfflo the twe—for U‘efoccid/ v{ A at F

Then it is clearly shown that the magnitude of the Tinal VblGCltY is
bqual to the initial velocity ( Velocity refers to vertical, i.c. x-axis)
And the time for doing that is also cecqual o th

So o= £ & V =V And if t_ stands for the totle time of
h f oy i w2
the fotion, then

ta = tf + th

= th = Zth : cocaoa (']Ll')

th is called time for rise and tf is called the time for descent.,

£3)

=22 The deduction of the anglec at which the maximum range is obtained
with 2 particular given initial velocity,

..u..—u-..g.........,..,.,.u..;ur-.....-,.-.-'..............,.,-.-._‘._.._......-g-v.-..-—-... Wt e kir in e B e s e e s R RS s e et e

Range, the ‘horizonal displacement, will has a maximum valuc with
a .given initial velucity if the projectile is proguctgd at a par=-
ticular angle.

R=1V % =V 2t -
ox a ox h

In (10), _ gf_}}R
t, =V Sin B, /'8

So R=(V ) ( 2V _8Sin g / g )
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h

DR = V%EGia2e,

For maximum range, dr/ d ﬁo = 0 From calculus

LA
d ( VO.Sln 2 ﬁo )

=0
dﬂp”o
And Cos 2 £ = 0
0
24, = 90
o 7 le®
go = k5,

Therefore,

' 45° is the angle of departurc that would bring about the
maximum range for any given initial velocity.

~ END ~

The chief reference for this passoge is Sears' University Physics

The passage is arranged and set by LO Chi K ung



