Chapter two

Displacement, Velocity, Time and Acceleration
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The Kinematics of a particle Moving in Two
Dimensions

Two Dimensions

One Dimension



The Kinematics of a particle Moving in Two

Dimensions
Ar = Ax+Ay
Magnitude A
Ay
|Ar| =\/Ax2 + Ay? o
Ax
components
Ax = Ar cos @
Ay = Arsin 6
fanit= e

Ax



Motion in Two Dimensions
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Motion in two dimensions like the motion of projectiles and satellites
and the motion of charged particles in electric fields. Here we shall treat
the motion in plane with constant acceleration.

In order to study motion in two dimensions , we need to use the concepts
of vectors.

Position , velocity , and acceleration in two dimensions are determined
by not only specifying their magnitude ,but also their direction.



Displacement vector in 2D

Assume that the magnitude and direction of acceleration remain unchanged during
the motion . N

The position vector for particle moving
in two dimensions (xy plane) can be written as
Fo——re ) i

Where x,yand r change with time as the particle moves

The displacement vector A7 for a particle
Ar=rr or;
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The Velocity Vector in 2D

The direction of the instantaneous

velocity U of a particle is tangent -~

to the path at the particles position.

The velocity of the particle as function

Of time is given by :
RS S B £ 600

Yar acr ac)

We define the average velocityv,,, of particle during the time interval At as the

displacement of the particle divided by the time interval:

Ay

v =
avg= ap
Because displacement is a vector quantity and the time interval is a positive scalar quantity ,
We conclude that the average velocity is a vector quantity directed along Ar.



The Acceleration Vector in 2D |

As a particle moves from one point to
Another along some path, its instantaneous
Velocity vector changes from v; at time ¢; to vy at
timetr.Knowing the velocity at these points allow
Us to determine the average acceleration of the particle.

The average acceleration a4 of a particle is defined
As the change in its instantaneous velocity vector Av Divided by the time
interval At during which that change occurs.
—— A Tp-¥
avg =p;

te—t;
The acceleration of the particle as a function of time is given by




One Dimension
Position: x
Displacement: Ax

Velocity : displacement per unit
time .sign is equal to the sign of
the displacement Ax.

Acceleration :change in
velocityAv per unit time .sign is
equal to

The sign of the velocity deference
Av.

Two Dimension

Position vector : r
Displacement vector : Ar

Velocity vector: change in the
position vector per unit time. The
direction is equal to the direction
of displacement vectorAr .

Acceleration vector :change in
velocity vector per unit time .The
direction is equal to the direction
of the velocity deference vector Av.
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Motion in Two Dimensions

The motion in two dimensions can be modeled as two
independent motions in each of the two perpendicular
directions associated with the x and y axes. That is ,any
influence in direction does not affect the motion in the x
direction and vice versa.
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Motion in Two Dimensions

Velocity in two Dimensions Acceleration in Two Dimensions
V. a
\ 72 ay
0 0 1
Ve ay

V=V oS 0 a,=a cos 6

v,=v sin 6 ay=asino
|v] =va2 byl la] =\/ax2 e

v

tanf = X tine

VUx Ay



kinematics Equations With Constant
Acceleration

Constant acceleration.
Constant acceleration equations hold in each dimension
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~ Example(1)

A ball is projected horizontally with a velocity v, of magnitude 5m/s
Find its position and velocity after 0.25s.

Solution

The initial angle is 0.The initial vertical velocity component is therefore 0.
The horizontal velocity component equal the initial velocity and is constant.
X=vyt=5%x025=125m
y = —gt?= —0.306m

The distance of the projectileis given by r = ./x2 + y?2 =1.29m

The component of velocity are v

= va + axt ) Uy = Vg = SN/

v}g o vO_}' . Cf}_f ——) V), =—gt = —2.4577’1/8

The resultant velocity is given by o \/ Uyt = naymils

—2.45)

The angle® is given g =tan7 ( Yy=26:1°



~ Example(2) ”

Particle moves in the x y plane , starting from the origin at t = 0 with an

initial velocity having an x-component of 20m/s and a y-component of
— 15m/s.The particle experiences an acceleration in the x direction , given by

a,=4.0m/s?.
Determine the total velocity vector at any time.

Calculate the velocity and speed of the particle at ¢t = 5.0s and the angle
the velocity vector makes with the x axis.

Solution
A) <

.
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L —

vi=20m/s vy; = —15m/s a,=4"/, a,=0

V= Vp+at

V= (Uyg +ayt) i+ (V0 +ayt) j
v=(20+4t)i + (—15 + 0t)j
v=(204+4t)i —15j

Notice that the x component of velocity increases in time while the y
component remains .

B)
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v=020+4t)i —15]

v=(20+4x5)i —15; = (40i — 15 j)mls
9 = tan_l(;—los) = e
The negative sign for the angle 6 indicates that the velocity vector is directed at

angle of 21° below the positive x axes.



