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General Ballistic Trajectory

The motion of an object under the influence of gravity is determined completely by
the acceleration of gravity, its launch speed, and launch angle provided air friction
1z negligible. The horizontal and vertical motions may be separated and described
by the general motion equations for constant acceleration. The wtial vector
components of the veloctty are uzed i the equations. The diagram shows
trajectories with the same launch speed but different launch angles. Iote that the
60 and 30 degree trajectonies have the same range, as do any patr of launches at
' mplementary angles. The launch at 45 degrees gives the masamum range.
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~and velocity at any time.

The launch speed, angle, and the value
~of g completely determine the position

The acceleration i

. is g downward at

all points of the

trajectory.

angle B = degrees:

X -
For launch velocity = I m/fs, lavnch

Attimet=|

SEC;
Horizontal Motion =
a, =0
Vy = Viox
Horzontal velocity
vx=| s,
X = Vgl
Honzontal distance

le—m.

Vertical Motion 1‘+

Upward chosen as posilive
direction for y mation.

a, =-g=-9.8m/s®
V, = Voy - gt
Vertical velocity
Wy = I s,
1 2
y =V t-Sat
Wertical position
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By symmetry, the total
time of flight is equal to twice
the time at the peak:

Trange = 2t peak = ;ﬂ!ﬂ' Index
L ]
= This gives:
=~ ¢ n - 2oy Voy Trajectory
s SRS - 9 concepts
accala i
.. ¢ is 9 downward at R = w
. all paints of the
V. § trajectory.
- 04 ! ; Calou 1'|-'-|"|
] 2.1 g
/ 0 Range = ff = Y0 s;n 2 using the trig identity:
[ ," sin20 = 2sinf coso.
Vs = ¥
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..... prmp g ——— The basic motion squation
________ Height of Trajectory . y =Wt
S O T TN O TN PO SOOI N NN AN SN SO S SO S can be used to find the height,
..... [ vertical componentl . W, = 0. bt Theaverage vertical speed is:
of velocity s zero . Y — gy + 0V
........ t the peak, e O R " SN S U A — Y — E
.......... P s _[-""’ "';-._ Yy 2 2
[ ] L]
i = The time at the peak is
. L obtained by solving for the Index
e 1+ time at zero vertical spead.
. * _ Trajectory
b ; = 0 = Voy - Olpeak concepts
iy h vo"; vc?smze i This gives: CONCEpts
. =8~ A -
5 g 29 :
4“ Vu Avarage vertical valocity is ]
!’ \hali the verical component |
o | of the launch velocity. -
H H H H H H *
Vox = Vo COS 0
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" Time of Flight

The basic motion equation

_ 1 a2
h =y, t-50t

can be used to find the time

of flight at height h, giving:*

Mote that there is no real
solution if

(= Yoy, o[ VOy 2
g gz 9

Index

2h “%y —_— ""%y Trajectory
g 2 29 concepts
" has two solutions | since such values of h ang
g : above the peak of the
. ﬁﬁgﬁ twhﬁ;?_l%eetwo trajectory. For the value h=0:
projectile passes t=0and t= 2Voy
through height h. ( ] g
Pl \":-..=il. El."l'.
*quadratic formula
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.. Calculation of Peak Height,
Range and Time of Flight.

For launch velocity

vn=| tns,

launch angle
| = =| . degees, Tndex
The honzontal range is

R= I . Trajectory

The total time of flight 13

i ~Time of fligﬁt : concepts
R ST N N S t=| 8.

The peak height 1
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Will it clear an object? /

Launch Velocity

Angle of Launch

|

(

Where will it land? B - / / S ‘[L —
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