A Particle in Motion
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Agenda today

1. The relationship between velocity, acceleration and
displacement

2. Projectile motion
3. Circular movement

4. Relative movement



Ockham’s razor and
modeling

Particle (&)

A point with no shape and size ,but has mass

Translational movement (ZEzf)

Each point of the body has the same trail in the motion

Reference Frames (&0 )



"1 am thinking therefore | exist."
(Latin: Cogito ergo sum)
from the Discourse on Method

Coordinate System: (2R4RZR)

Cartesian coordinate system CE 2L Hr &)

polar system (AKAL#R R



Position and Displacement Vector (fi
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In Cartesian coordinate system
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Displacement Vector



Velocity and Speed

Velocity describe the rate of change of the
position of the particle on Iits trajectory.

Average Velocity: CPFIIEE)
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Instantaneous Velocity (EEBTIRE)

V=vi+v j+vk

dx dy dz

vV =— Vv, = V
dt dt
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Speed (IE3E)

Average speed

_ s .
V—t m s

Instantaneous speed (B[ i3 %)




Instantaneous Acceleration:




Can Achilles overtake the tortoise ?



Motion with non -constant
Acceleration
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Projectile motion
The Horizontal motion
X X, (vcos )*t

The vertical motion

Y Yo (vsin )*t %gt2



The equation of the Path

Let X,=0, y,=0
2
0),4
tan )X
y (tan ) 2(V, cos )?

The Horizontal range
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The effects of the air

headwind




A policeman chases a master jewel thief across city
rooftops. They are both running at 5 m/s when they
come to a gap between buildings that is 4 m wide and
has a drop of 3 m .The thief, having studied a little
physics, leaps at 5 m/s and at 45" and clears the gap
easily. The policeman did not study physics and
thinks he should maximize his horizontal velocity, so
he leaps at 5 m/s horizontally. (a) Does he clear the
gap? (b) By how much does the thief clear the gap?






Example: The position of a certain particle Is given

by:

2t 19 2t% |

Find: (1) thetrajectory of the particle; (2)
position , velocity, acceleration of the particle when t=2;

(3) when is the velocity perpendicular to the position
vector?

Solution: (1)
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Circular movement
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Uniform circular movement

Angular position
Angular displacement

When counterclockwise, IS

positive,when clockwise, IS
negative

Angular velocity

m




Centripetal acceleration: V

a a "
In general ways
S
L r
Angular d

acceleration lim— — (rad s?)
t o I dt



Relationship between angular property
and linear property

V I



Tangential acceleration:
Av

Total acceleration:

Magnitude:

Direction:




The wheel In rotation has a radius of 0.2m, the
angular displacement of a certain point on the
edge of the wheel is given as =-t?+4t(rad) , what
IS the acceleration and velocity of P when t=1s.
: d
solution: a 5 4 9 5
dt dt
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FIGURE 3-13 The boat must

head upsream atl an angle # if it is 1o

move directy across the niver. Veloc-

Ity vectors are shown as green arrows:

Vs velocity of Boat with
respect 1o the Shore,
vaw = vclocity of Boat wiath
respect to the Water,
= velocity of the Water with
respect to the Shore.




A man is heading east with speed v on his bike,
the wind is blowing from the direction of north
30 degree west with same speed. What direction
will the man sense the wind is blowing from?

Solution
\ \ \ \
Vwm ng ng ng
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