4 Summary of kinematics in 3 dimensions

Position Vector Displacement

« Locates a particle in 3-space « Change in position vector
[

7 =xi+y] + zk, ) ) .
A7 = (= x)i + (= y)) + (22 — 20k,

A7 = Axi + Ay] + Azk.

Average and Instantaneous Average and Instantaneous
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4-2 Average Velocity and Instantaneous Velocity

|Z| Checkpoint 1 y

The figure shows a circular path taken by a particle.

If the instantaneous velocity of the particle is v =

2 m/s)i — 2 m/s)j‘ through which quadrant is the par- X
ticle moving at that instant if it is traveling (a) clockwise

and (b) counterclockwise around the circle? For both

cases, draw V on the figure.

Answer: (a) Quadrant | (b) Quadrant Il

)

Kinematics for constant acceleration in 3D
Only valid when a@ is a constant vector (i.e. in all 3 directions)!
V =V, +at

= 1542
-1, =V t+5at
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Remember this is really 3 equations, one for each component.

1 2
X=Xy = Vo l+sa.t
2
V=Yg = Vot +%ayt
7-zy=v t+iat’
So the equations for 1D motion apply separately to each
component in 3.
Therefore motion in one direction in space is independent of
motion in the other 2 directions!

Problem 4.15

A particle leaves the origin with an initial velocity and
acceleration

7=(3.00 1) m/s, and @ =(~1.007 —0.500) m/s>.
When it reaches its maximum x-coordinate, what is its

(a) velocity?
(b) position?

Free-Fall Acceleration

* Objects close to the earth’s surface
fall towards the surface of the earth.

« Rate of free-fall acceleration (no
forces other than gravity) is constant,
independent of the object’s mass.

* Acceleration is toward the centre of
the earth (locally vertical).

« If we take “up” as the positive y-
direction, replace “a” by “-g”, where
2~9.8m/s%

« g varies slightly from equator to
poles, and with height.

In vacuum, a feather and
an apple will fall at the
same rate.
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Example (continued)
(a) What is the time to reach the maximum height?

v=v,—-gt=0, ..t=t =
(b) What is the maximum height y, .7

2 v,
Yonax = Voli — 381 =2*0
8

(c) What is the time to return to initial height (i.e. y =0)?
y=vt—tgt’ =t(v,~Lgt)=0, ~.t=0ort=t, =%=2t1
8

(d) What is the velocity on return to initial height?

V=V, =8hL ="V,

Example

vy = 9.8 m/s
sti=lsandy  =49m

¥(¢) is symmetric
about r=t,

v(t) is anti-symmetric
about r=¢,

Therefore at a given height,
v(t) has same magnitude but
opposite sign for ¢ > ¢,.
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Example

Ball A is dropped from rest at a height 4. At the same time, ball
B is thrown vertically upward toward ball A at velocity v,

At what time do the balls meet?

2

ya=h-1gt®, yy=vi-1igt

Solve Ya=DJs
ch=Lgt? =vit-1lgt’
Sh=vt

Therefore = h independent of g!
Yo

Both balls fall (accelerate downward) at the same rate.




