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Height of Trajectory

Vertical component Vy =0
of velocity is zero Vv ’
Lat the peak L) Ox
°® o %o a
D
-E L »
()] “’ -a
o
> ° . -
oo V2, vEsin®
5 N 29 29 o
ﬁ:‘i Vo Average vertical velocity is
/ half the vertical component
/ e of the launch velocity
Vpx = Vp COS 6

The basic motion €quatigy,

Yy =Vt
can be used to find
The average vertic

the heighy

2l speeq js.
is:

o V. 4
oy +0

VYZ yz\ = ng

The }ime atthe peak ig
obtained by solving fo the
time at zero vertical Speed:

0=, - gt
This gives:

v
twak =_0y

and subsmulmg:g

h= Ypeak =

Range of Trajectory

1s g downward at
all points of the

‘ trajectory.
VOA4
/ _ vgsin 28
/ 2] Range=R = g

.
The acceleration .

The basic motion equation

X = Voxt
can be used to find the range.
By symmetry, the total
time of flight is equal to twice
the time at the peak:

trange =2t peak = g >
This gives:
R = 2vgy Voy i
9
. 2v¢sin 6 cos 0
. g
. = vgsin20 o
. g . NERE=

using the trig identity: =

— sin26 = 2sind coso. -

Time of Flight

The equation for t
has two solutions
since there are two
times when the

£ projectile passes
through height h.

T.’
h

Wi
algo

-

/::’8n be used to find the 1M
Not flight at height h. 9

on

The basic motion equati -

h = Wy -%gt

iving:

v 2h
t = ,\_’9! + __ié—-f
g g
Note that there is N0 real
solution if

vy
—2-h— >ﬁ orh pd 2/
a 2 9

since such values o " aré
above the peak of the
trajectory. For the valué
2V
t=0 and t= g

*Ciuadratic 'w,

e



- Where will it land?

The basic motion equations give the position components x and y in terms of the time.
Solving for the horizontal distance in terms of the height y is useful for calculating ranges in
situations whete the launch point is not at the same level as the landing point.

Calculate IO X Vox 1 o
Oyandt o %, y = V,t-3gt
Axandt ¢ *., Using the quadratic formula |

. 1o solve for t gives two values |
vV . of time for a given value of y: i
0 8 [ v V:%y [
————— 7 ................................ n; ...... ! a —0y_ ‘!’ /\ _2. . g.
: | ' 9 g? 9 ‘
* Substitution of the two time s
* ¥ values gives the two values of
( * | xcorresponding to a given ‘
J o ‘ % | heignty. |
( X v Calculation

|

[

|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 is negligible.
|The horizontal and vertical motions may be separated and described by the general I;IO;iOIl
lequations for constant acceleration. The initial vector components of the velocity are used in
the equations. The diagram shows trajectories with the same launch speed but different
launch angles. Note that the 60 and 30 degree trajectories have the same range. as do any pair
of launches at complementary angles. The launch at 45 degrees gives the maximum range.

~ General Ballistic Trajectory

Horizontal Motion — - Vertical Motion
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