Chapter 4

Two-Dimensional
Kinematics
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Units of Chapter 4

AMotion in Two Dimensions
AProjectile Motion: Basic Equations
AZero Launch Angle

AGeneral Launch Angle

AProjectile Motion: Key Characteristics



4-1 Motion in Two Dimensions

If velocity is constant, motion is along a
straight line:

Y = Uyt
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voy =7, sin 0

x O v, =vycos 6



4-1 Motion in Two Dimensions

Motion in the x- and y-directions should be
solved separately:

TABLE 4-1 Constant-Acceleration Equations of Motion

Position as a Velocity as a Velocity as a

function of time function of time function of position

X =2g 1 gl b %axt2 Uy = Upy T+ Ayt vi = v%x + 28,A%
— 12 — 2 _ 2

Y = Yo T vgyt + 0yt vy = Ugy + ayt vy = vpy + 2a,Ay
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4-2 Projectile Motion: Basic Equations

Assumptions:

Aignore air resistance

Ag = 9.81 m/s2, downward

Al gnore Earthés rotation

If y-axis points upward, acceleration in
X-direction Is zero and acceleration in
y-direction is -9.81 m/s?



4-2 Projectile Motion: Basic Equations

The acceleration is independent of the direction
of the velocity:
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4-2 Projectile Motion: Basic Equations

These, then, are the basic equations of
projectile motion:

X = Xp + ’ont
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Uy = U0y Oy

vy = voy — 8t Oy

|
(N

2 2

|
<
=
=
|
No
oqQ
>
<



4-3 Zero Launch Angle

Launch angle: direction of initial velocity with
respect to horizontal




4-3 Zero Launch Angle

In this case, the initial velocity in the y-direction
IS zero. Here are the equations of motion, with
Xo=0andy,=h:

X = ’Uot
. 1,2
y=n-—38
Uy = Up = constant 0.2 = vy® = constant
v, = —gt UyZ = —29Ay



4-3 Zero Launch Angle

This is the trajectory of a projectile
launched horizontally:

y (m)
10

_ NN W B O O N 0 O

@)
—_
N
W
T
Q1
@)



4-3 Zero Launch Angle

Eliminating t and solving for y as a function
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This has the form y = a + bx?, which is the
equation of a parabola.

The landing point can be found by setting
y = 0 and solving for x:
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4-4 General Launch Angle

In general, v, =vycos dand vy, =vysind

This gives the equations of motion:

x = (vycos )t

y = (vpsin )t — %gt2

Uy = Vg COos 0 0,% = vy? cos” O

vy = vpsint — gt vyz % sin® 6 — 2¢Ay



4-4 General Launch Angle

Snapshots of a trajectory; red dots
areatt=1s,t=2s,andt=3s
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4-5 Projectile Motion: Key Characteristics

Range: the horizontal distance a projectile
travels

If the initial and final elevation are the same:



