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Position

Displacement

4-1 position and displacement
Position and displacement
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Problem 3 page 73

An elementary particle is subjected to a displacement of

ending with the position vector
What was the particle’s initial position vector ?
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∆ 𝑟 = 2.0  𝑖 − 4.0  𝑗 + 8.0 𝑘

 𝑟 = 4.0  𝑗 − 5.0 𝑘
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𝑟1 = 𝑟2 − ∆ 𝑟

= 4.0  𝑗 − 5.0 𝑘 − (2.0  𝑖 − 4.0  𝑗 + 8.0 𝑘)

𝑟1 = −2  𝑖 + 8  𝑗 − 13 𝑘
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but 



Average velocity

Instantaneous velocity

4.2  Average  velocity  and  instantaneous 
velocity
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4.02

4.01
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= −0.31 2 𝑡 + 7.2 = 0.22 2 𝑡 − 9.1
= 0.44𝑡 − 9.1

 𝑣 = −2.1  𝑖 − 2.5  𝑗

= 50𝑜





but 

Average Acceleration

Instantaneous Acceleration

4-3 Average Acceleration and Instantaneous 

Acceleration
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4.03

4.01 and 4.02
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Problem 15 page 74
From the origin, a particle starts at t=0 s with a velocity

and moves in the xy plane with a constant
acceleration of (m/s2 ). At the time particle reaches

the maximum x coordinate, what is it’s (a) velocity and (b) position

vector?
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 𝑣 = 7.0  𝑖 𝑚/𝑠

 𝑎 = −9.0  𝑖 + 3.0  𝑗
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𝑣𝑜 = 𝑣𝑜𝑥  𝑖 + 𝑣𝑜𝑦  𝑗

 𝑎 = −9.0  𝑖 + 3.0  𝑗

 𝑣 =? ? ?

𝑣𝑥 = 0

𝑣𝑦 =??

tavv yyy  0
𝑡 =? ? ?

tavv xxx  0

0 = 7 − 9𝑡

𝑡 = 0.78𝑠

tavv yyy  0

= 0 + (3)(0.78) = 2.34𝑚/𝑠

 𝑣 = 2.34  𝑗
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𝑣𝑜 = 7.0  𝑖
 𝑎 = 𝑎𝑥  𝑖 + 𝑎𝑦  𝑗
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(b) position vector?

𝑣𝑜 = 7.0  𝑖  𝑎 = −9.0  𝑖 + 3.0  𝑗  𝑣 = 2.34  𝑗 𝑡 = 0.78𝑠
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𝑥 − 0 = 7 0.78 +
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𝑦 − 0 = 0 +
1

2
(3)(0.78)2

𝑦 = 0.91𝑚

ĵ91.0î7.2 r


𝑣𝑜 = 𝑣𝑜𝑥  𝑖 + 𝑣𝑜𝑦  𝑗  𝑎 = 𝑎𝑥  𝑖 + 𝑎𝑦  𝑗
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is the motion of a particle that is launched with an initial
Velocity and its acceleration is always the free fall
Acceleration -g.
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4.4 Projectile Motion
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Projectile’s Path

Launching point Landing point

Max. height
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In projectile motion, a particle is launched into the air with a speed vo and angle o (measured 
From x-axis)

 𝑣𝑜



θ0

vx

vy

vy

Projectile motion

Horizontal Motion Vertical Motion

No Force Gravity
v=

v0x

v0y

vx
vx

Max. height

vy
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x

H 

Max. height
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Problem 22 page 74 :

A small ball rolls horizontally off the edge of a tabletop that is

1.50 m high. It strikes the floor at a point 1.52 m horizontally from

the table edge. (a) How long is the ball in the air? (b)What is its

speed at the instant it leaves the table?
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1.52m

𝜃𝑜 = 0 𝑦 = 1.5𝑚 𝑥 = 1.52𝑚

𝑡 =? ?

−1.5 = 𝑣𝑜 sin(0) −
1

2
9.8 𝑡2

𝑡 =0.55s

a)

b) 𝑣0=??

1.52 = 𝑣𝑜 cos 0 0.55
𝑣0=2.8m/s



Problem 32 page 75:

You throw a ball toward a wall at speed 25.0 m/s and at angle 𝜃0 =40.0 ̊ above the 

horizontal . The wall is distance d =22.0 m from the release point of the ball.

(a)How far above the release point does the ball hit the wall? What are the (b) 

horizontal and (c) vertical components of its velocity as it hits the wall? 
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𝑣𝑜 = 25𝑚/𝑠 𝜃0 =40.0 x =22.0 m 

(a)
𝑦 =? ?

t=??

22 = 25 cos 40 𝑡

𝑡 = 1.15𝑠

= 25 sin 40 1.15 − 0.5(9.8)(1.15)2

𝑦 = 12𝑚

(b) 𝑣𝑥 = 𝑣𝑜𝑥 = 𝑣𝑜𝑐𝑜𝑠𝜃𝑜

= 25 cos 40 = 19𝑚/𝑠

(c)

= 25 sin 40 − (9.8)(1.15)

= 4.73𝑚/𝑠



d)When it hits, has it passed the highest point on its trajectory?
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𝑦 = 12𝑚

=
(25 𝑠𝑖𝑛40)2

2(9.8)
= 13𝑚

Y<H then no it has not passed the highest point when it hits the wall

𝑣𝑦 = 4.73𝑚/𝑠 So the ball hits the wall before the max height

𝑣𝑜 = 25𝑚/𝑠 𝜃0 =40.0
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The Horizontal Range
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This is the equation of a parabola, so the projectile path is parabolic

The Equation of the Projectile Path (TRAJECTORY)
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EXTERNAL EXAMPLE
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𝜃𝑜 =? ?

560 =
(82)2

9.8
𝑠𝑖𝑛2𝜃𝑜

= 27𝑜
a𝑛𝑑 63𝑜

الزاوية و متممتها تعطى نفس المدى
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=
(82)2

9.8
= 686𝑚



1-Velocity :
-magnitude constant v.
-direction :tangent to the circle in the
direction of motion.

V
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2- Acceleration:
Why is the particle accelerating even though the speed does not vary?

- magnitude 
r

v
a

2



- It is called Centripetal(meaning seeking center) acceleration

- direction: toward the center. 

a


a


a


a


A particle is in uniform circular motion if it travels around 
a circle or circular arc at constant speed.

4-5 Uniform Circular Motion
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3- Period: is the time for a particle go around the circle once.

velocity

distance
  Time 

v

r
T

2


For one round  distance = circumference of the circle 
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4.06
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𝑣 = (400)2+(400)2= 640.31𝑚/𝑠

v

r
T

2
 𝑟 =

𝑇 𝑣

2𝜋
24s

𝑇

2
= 24

→ 𝑇 = 48𝑠

𝑟 =
(48)(640.31)

2𝜋
= 4891.6𝑚

r

v
a

2



=
(640.31)2

4891.6
= 83.81𝑚/𝑠2

𝑇 =? ? ?



30

𝑎 = 83.81 ×
𝑔

𝑔

=
83.81 × 𝑔

9.8

= 8.6𝑔
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