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4.1 The Position, Velocity, and
Acceleration Vectors

Kinematics in Two Dimensions

Will study the vector nature of position, velocity
and acceleration in greater detail.

Will treat projectile motion and uniform circular
motion as special cases

Discuss relative motion




4.1 The Position, Velocity, and
Acceleration Vectors

Position and Displacement

The position of an object is
described by its position

vector, r. The displacement of the
The displacement of the

object is defined as the
change in its position.

) particle is the vector AY.

\
p \@ AY
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A \\ Path of
particle
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4.1 The Position, Velocity, and
Acceleration Vectors

General Motion Ideas
In two- or three-dimensional kinematics,

everything is the as in one-dimensional
motion that we must now use full vector
notation.

Positive and negative signs are no longer sufficient
to determine the direction.




4.1 The Position, Velocity, and
Acceleration Vectors

Average Velocity

The average velocity is the ratio of the displacement to the time
interval for the displacement.
R AT
Vg = —
avyg At

The direction of the average velocity is the direction of the
displacement vector.

The average velocity between points is independent of the path
taken.

This is because it is dependent on the displacement, which is also
independent of the path.




4.1 The Position, Velocity, and
Acceleration Vectors

Instantaneous Velocity

The instantaneous velocity is the
limit of the average velocity as At
approaches zero.

A dF

VT A0 A de

As the time interval becomes
smaller, the direction of the
displacement approaches that of
the line tangent to the curve.

* The speed is a scalar quantity.

(0]

As the end point approaches @), At
approaches zero and the direction
of Ar approaches that of the green
line tangent to the curve at @).

Direction of V at @

The direction of the
instantaneous
velocity vector at any
point in a particle’s
path is along a line
tangent to the path at
that point and in the
direction of motion.
The magnitude of the
instantaneous
velocity vector is the
speed.

As the end point of the path is
moved from @) to ®'to B, the
respective displacements and
corresponding time intervals
become smaller and smaller.




4.1 The Position, Velocity, and
Acceleration Vectors

Average Acceleration AN

The average acceleration of a
particle as it moves is defined as
the change in the instantaneous
velocity vector divided by the
time interval during which that
change occurs.

O

As a particle moves, the direction
of the change in velocity is found
by vector subtraction.

AD = By — B,

AT_j_vf—vi
At tp—t;

Aavg =

The average acceleration is a

vector quantity directed along
Av.




4.1 The Position, Velocity, and
Acceleration Vectors

Instantaneous Acceleration

The instantaneous acceleration (acceleration as a function of time)
is the limiting value of the ratio as At approaches zero.

AV _dv
a= lim —=—
At-0 At  dt
The instantaneous equals the derivative of the velocity vector with

respect to time.

Note: the magnitude of the velocity vector (the speed) may change
with time as in straight-line (one-dimensional) motion.

 the direction of the velocity vector may change with time even if
its magnitude (speed) remains constant, as in curved-path (2-d)
motion.




4.1 The Position, Velocity, and
Acceleration Vectors

' Producing An Acceleration

Various changes in a particle’s motion may produce an
acceleration.

The magnitude of the velocity vector may change.

The direction of the velocity vector may change.

Even if the magnitude remains constant

Both may change simultaneously




4.2 Two-D Motion with Cons.
Acceleration

Kinematic Equations for Two-Dimensional Motion

The Let us consider 2-D motion during which the acceleration
remains constant in both magnitude and direction.

The position vector for a particle moving in the yy plane can be
written:

r =xi+yj
* The velocity vector can be found from the position vector.
-> d? A A
V= dr = Uyl + VyJ

Since acceleration is constant, we can also find an expression for
the velocity as a function of time:

1_)>f=1_7)i+6_l>t

Because a is assumed constant, its components a, and a,, also are also constants.




4.2 Two-D Motion with Cons.
Acceleration

Kinematic Equations for Two-Dimensional Motion

For constant acceleration

a, = Consand At =t
__vxi+vxf

Uy = >

For 2-D motion we will have 2 sets of Equations; one for each
direction.

 For x-direction; we have:
Uy = Uy + Ayt
Xp =X + vyt + %axt2
Vap? = Uyi® + 20, (X5 — x;)

For y-direction; we have:
Uy = Vy; T ayt
Yf =i+ vyt + %ayt2
vyp? = vyi® + 2a, (Y — ¥i)




4.2 Two-D Motion with Cons.
Acceleration

Kinematic Equations for Two-Dimensional Motion

vectors of velocity v and position r are.
U= vl + v),f
Vyxf = Uy + Ayt
Vyr = Vy; + ayt
U_f — Uxfi + nyf
Vf = (Uy; + a,t)i+ (vy; + ayt)j
v_f> = (vxii + vyij) + (Al + ayij)
Because a is assumed constant, its components a,, and a,, also are also constants.
Ay=Q, = a

vf=7v; +at




4.2 Two-D Motion with Cons.
Acceleration

Kinematic Equations for Two-Dimensional Motion

vectors of velocity v and position r are.
vf =7 +at

1 2\ A 1 2\ ~
ry= vxit+§axt L+ vyit+§ayt ]

A ~ 1 A ~
= (v L+ vy )t + E(ax i +a,j)t?
1

= vit+5at2




Lecture Summary

Displacement of a particle in 2-D is:
AP =7 — T
The average velocity is defined as:
L AF
vavg = E
Instantaneous velocity:
AP d7
wa Al%r—r}o At dt
The average acceleration is defined as:
AV Ty -
At tp —t;

Aavg

The instantaneous acceleration:




Lecture Summary

Constant Acceleration motion of a particle in 2-D:

Vyf = Uy, + ayt

Vyp? = Vyi® + 2a,(VF — Vi)

Velocity and position in Vector form in 2-D motion:

U= vl + v),f
Vf = (Uy + axt) i + (vy; + ayt)f
Uf = (vl + vyif) + (@l + ayf)

v =7v; +at
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Thank You
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