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The Motion Equations

These motion equations apply only in the case of constant acceleration.

y = Jvdt
Positi Motion relationships in
L oskion one dimension.
[ y—y0+v0t+§at
Y=YVl t ) a _ Derivative
Integrate Velocity @ of position
velocity to ﬁ v is velocity
get position d_)-’
y=—
] dt
V= |adl=vy, +dat
.[ 0 . v=yv, +at
Acceleration
Integrate Derivitive
accelerationﬁ @ of velocity is
to get acceleration
velocity time — dv
a = constant a= _Jt- =d
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Free Fall

In the absence of frictional drag, an object near the surface of the earth will fall with
the constant acceleration of gravity g.

Images of an ...... .
object in Bososssforsesofasors Bfveord
freefall at : : . : :

.......................

constant

time intervals. .

Note that
the distance
traveled in
each
successive
interval is
larger.

y = gt Taking 0=9.8 m/s?

g =9.8 m/s®
so that the : ‘ : z
velocity
increases : : : :
98miseach | TTITUITT
second. joesees foeeeee Boraved e
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Vertical Trajectory

Taking g = 9.8 m/s?
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Horizontal Launch

........

.....................

g‘ Verical |

acceleration is

g, regardless
of horizontal
| moton

. |Successive
“Ix intervals
. |are equal,

showing zero
- |acceleration. |

,,,,,,,

............

Vertical distance, as well
| as velocity and acceleration,

is independent of x motion.

Trajectories can be described by the
general motion equations for constant

~ acceleration. The key idea is that the

horizontal and vertical motions can be
separated. The motion equations
obtained constitute a complete description

......................................

.........................

........................

Hornzontal dustanoe s
regardless of vemcal motion.

x s VOxt

....................................

PPN SN P SRpE— M EssssMesuctstssssssticssuaennnssMiis EEAANILEIICNEREEEERELES siPiasccad SR S PR N el T I

Vg =
X =

of the motion, given the initial conditions.

Horizontal Motion —»

0

Vox
VOx t

Vertical Motion ¢

ay = -3

vy = voy - g1t ,
= -—gt

Upward chosen as positive

direction, so the y values
will be negative.
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Horizontal Launch

T® y 7T @ Downward chosen as
b B - "i-positivedirection.so

the values will be
posmve

1 R=w/2 g =mpactveioiy

g att_tlmeofﬂlghtg

........................................................................................................................
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General Ballistic Trajectory

Horizontal MOtion == . qeewegs i Vertical Motion . ..
- a 0 S Y L i i 4 [ PUIE I R ‘
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Time of Flight

............................................................................... The basic motion equation

- 1 2
MM et e 2 h = \6yt'§gt
Time Of Fllght it can be used to find the time

...............

of flight at height h, giving:*

S - B e e e s o t = VOy - %y _ 2h
sesscmprondrsuces ool boon dresedeIynbusdounsedemmirondonc g g2 9
W . . ...... ....... S wroraeesn . ...... frasess ....... Note that there ls no real

T ST S SRRSO 3 e B solution if
.. S T SIS VONR: JUOOR SO © YO S O SO Vv v
a : .. | 2h - %y orh> %y

" Theequationfort _. =~ 9 g° 29
“* has two solutions ~4® ! since such values of h are
since there aretwo "L above the peak of the

. aa chamand : ‘ tra'ecto ] FOrthe value h=0:
times when the h Jocany

projectile passes | " {_pand t=
through heighth. | 5
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Height of Trajectory

A Helght of Trajectory

,,,,,,,,

" The basic motion equation

y =Vt
can be used to find the height.

[h— vy: 0 L] - The average verti(c;al speed is:
- | of velocity is zero N 2 Ve : —_— Va., + V;
| at the peak. :f ..:L.ur)‘. Ox Vy: o}é = g)’
- S The time at the peak is
I it I e obtained by solving for the
i P A time at zero vertical speed:
: ; K
.Q ccocfesscsedparrans T T S— . ‘. 0 fnd Voy - gtpeak
T vZ2 v2sin® ¢ This gives:
At he A= D v
i 29 29 be t peak =3
VO ; » | Average vertical velocity is : and SUbS“tUting:
2" F O h half the vertical component | - v2
| ) of the launch velocity. =Yook = Oy
_____________ ‘ T peak = 2g
Vpy = v0 cos 0
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Range of Trajectory

The basic motion equation
X - VOX t

can be used to find the range.
By symmetry, the total

" time of flight is equal to twice

T T T T the time at the peak: 5
R el : T T g 'g reaard ‘, .0. - - . i frassesd _ _ VO
| et i trange ™ Zpeak = —gF

frooeigrseprrsssgood frossseirrrefronsigrossnd o o This gives:
SRUNONE SN SN SUUPON St U0 SOV PN SUUPUN- SO SN SOV OO SO0 U SR SHNOE OO SO 2V V,
000 ——

TN A TS T ST T ——— Theaoceleration T 2v§sin 0 cos 0
; ", : S lsgdownwardat 4 Q: ; R

all points of the s 1 g

trajectory. preccesgenn g 2 .

. : e V5 Sin 26
. gii R = JOS

T PR U N g
=R = Yo s;n & Gei®.;  using the trig identity:
iip® sin26 = 2sin6 coso.

H. Aboushady u~mc 1



Peak Height, Range and Time of Flight

... Calculation of Peak Height, . .
- Range and Time of Flight.

........

a Bassessd

i Time of flight -,
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Express y in terms of x

..........................................................................................

<At Substitute t = —

VOx | |

..................
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Where will it land?

............................................................................................

al

X = Vot
y = v, t-5gt°

Using the quadratic formula

to solve for t gives two values
of time for a given value of y:

t = VOY /\/ V%y 2y
g g

Substitution of the two time
values gives the two values of
X corresponding to a given
height y.
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Launch velocity |
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Launch Velocity i

....................................................................................................
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Angle of Launch |

...........................................................................................................................

oocounoo,........". :
........... ’..’
83
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Angle of Launch i

| 9R
)
there are two solutions. If the launch
- - = angleis envisioned as an angle

s ‘ """" """" """" """" o ’ ...on..’ """" """" """ between 0°and 900, then 26 can
i g b P s take values between 0°and 180°

T T Bomsin20, andsin 20,

are equal

20, to alc, so
chia they are

both valid.

When the launch angle is calculated from the relationship 26 = sin’

............................................................................................................

The two complementary launch
angles approach each other at 45°

BEEBQIAEASRUUBIEERNIZIPEEEREIS IS EEIRILEEpouigibbauaidgtn

' . s » J. v :
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Apply to Basket Ball
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Apply to Basket Ball

D=1.75m h,=3.05-1.75=13m
® = 450° R1=3.00m
Vo =10 m/s
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