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1. POSITION AND VELOCITY VECTORS

* The position vector in two dimensions:

r=xi+yj

* The displacement vector of the object is defined
as the change in its position:

Ar=T1,—711= 2 —x)i+ Q2 —y1)J

Path of
particle

where T, and 7 final and initial position



* The average velocity vector during a time interval from t4 to t,:

Ty -T1 _ AF

Vay = = (average velocity vector)
tr, —t4 At
- _ X2 X1 _ Ax - _Y2=y1 _ Ay
av=x ¢, —t; At av=y ot -ty At
- The instantaneous velocity vector:
— dr . .
v = — (instantaneous velocity vector)

— dx A d A — A A ° °
v =—1 + d—i'] or V=0,1l+7vy) (the component of instantaneous velocity)

» the magnitude of the velocity: v = \/v,zc + vf,

» the direction of the velocity: 0 = tan~1 (M)

|vx|



Example 3.1:

A particle moves in the x-y plan. lts coordinates are given as function of
time by: x(t) = 4(m/s?)t* and y(t) = 2(m/s)t
(a) Find the position vector of the particle at times t; = 0s and t, = 2s
r=xi+yj=4t’1 +2tj
at t; =0s: 74 =0 (m)
att, =2s: 1, =4x2%1+2 x2j=16i+4fj (m)

(b) Find the average velocity vector of the particle in time interval
t1:OS|'Ot2:2.S'

—_ _

— _rp-1r1 Ar o 16i+4j
- tr —t1 At 2

=8i+ 2] (m/s)



(c) Find the instantaneous velocity vector of the particle at times
t1 = 0s and tz = 2S

5= s d a2V L opi
v =—i+—j=—(4t?)i+_(20)]

v = 8ti + 2j (m/s)
at t; =0s: v =2j (m/s)
att, =2s: v=16i+2] (m/s)
Remark :
The speed of the particle at time t; = 0s:
v=2m/s

The speed of the particle at time t, = 2s:
v=+16%+22=16.12m/s




2. THE ACCELERATION VECTOR

* The average acceleration during a
time interval from t{ to ¢, :

Av ¥

o _ T _ A
av oty —t7 At

(average acceleration vector)




* The Instantaneous acceleration vector :

_ _dv
o dt
dv, dv,
a, — — a, — —|—
o dt Y dt
a=a,l+ a,j (components of the acceleration vector)

Example 3.2:

From example 3.1 the instantaneous velocity at any time is given by
v =8(m/s?)tt + 2(m/s)j

Find the instantaneous acceleration of the particle attime t = 1s

. R ~ dv, .  dvy , A
a=ax1+ay]=%l+ﬁ =81 (m/s?)



3. PROJECTILE MOTION

* A projectile is any an object that
is given an initial velocity and
then follows a path determined
entirely by the effects of
gravitational acceleration and air
resistance.

 The form of two-dimensional
motion we will deal with is
called projectile motion
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* If air resistance is negligible, the trajectory of a projectile is a
combination of horizontal motion with constant velocity and
vertical motion with constant acceleration.

* The component initial velocity for the projectile from figure:

Vyo = VoC0SO, vy =VoSind

Example 3.3:

A ball is thrown with initial velocity of
18 m/s and angle with x-axis 6 = 30°.

Find v, v

y0
V0 = VoCos@ = 18 cos30 =15.6 m/s

Vyo = VpSinf = 18sin30 =9m/s



4.MOTION IN A CIRCLE

* When a particle moves along a curved
path, the direction of its velocity changes.
As we saw in figure, this means that the
particle must have a component of
acceleration perpendicular to the path,
even if its speed is constant.

Uniform Circular Motion:

* When a particle moves in a circle with
constant speed, the motion is «called
uniform circular motion

Acceleration has
constant magni-
tude but varying
direction.

Velocity and
& :

.acceleration
are always
perpendicular.



Centripetal acceleration:

* The magnitude of centripetal acceleration is given by:
v2
a. = 3 (uniform circular motion)

* Its direction toward the center of the circle of motion

* The figure shown the change in direction of the uniform
speed on circle motion

Example 3.4:

A bicycle move on the circle path (R = 6m) with
uniform speed is 5.8m/s find its centripetal
acceleration.

_v2 _ (5.8)?
A =R = "6

= 5.61 m/s?
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