Week 3 : Day 2
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0 We will examine the generalization of the 1D
Kinematics equations for 2D and 3D cases
>

i O N\
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The position vector ¥ of a particle is defined as a vector whose tail is at
a reference point (usually the origin O) and its tip 1s at the particle at
point P. o

Example: The position vector in the figure is 7 = X1+ y]+ zk

ﬁ P =(=3i+2j+5k)m
(5 m]li; (2 m)] -
: (=3 m)i y

)

Adapted from Halliday, Resnick and Walker; © Michael Jay Schillaci
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For a particle that changes position vector from 7, to v, we define the displacement
vector Ar as follows: Ar =7, —r.

The displacement Ar can then be written as

AF:(x2—xl)i+(y2—y1)3+(z2—zl)lAizAxi+ij+MlA<

y / Ax=x, —x,
hy ] g
[vitial y Rl
|‘.n::l'-.ill1rll- - 2, — A
= ot Y=Y>— Y
Htl 5 frl L
" <o Laben _
Parh of pardcle ¥ if [rrsilion AZ - ZZ - Zl
e

VoS

r,=X1+y,j+ 2,k
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Following the same approach as in Chapter 2 we define
the average velocity as

AF _ A+ Ayi+Ack A Ay Ak

average velocity = displacement |:‘> v o=
At At At At At

time interval

Tangent
t TN\
@ P We define the instantaneous velocity (or
q Q’ more simply the velocity) as the limit:
Path 3 \_; = hm Ar — dr
x At dt
At =0
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The three velocity components are given by the equations

Tangent y = —
L \ todt

@, t+ At
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The average acceleration is defined as:

- v,—v, Av
e At At dv
We define the instantaneous acceleration as the limit: |a = o
The three acceleration components dv dv, dv
. . ) a. = = a = ’ — 7z
are given by the equations: dt r T a, 7
-
R Note: Unlike velocity, the
//” N acceleration vector does not have
N any specific relationship with the
_____ Y| / path.
Path -/

X

()
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The motion of an object in a vertical plane under the influence of
gravitational force 1s known as “projectile motion.”

The projectile is launched with an initial velocity v,. Therefore the horizontal
and vertical velocity components are given by:

V,y, =V, COS G, Vo, =V, 1N g,

‘ N, Projectile motion will be analyzed in a
/ iR horizontal and a vertical motion along
o the x- and y-axes, respectively. These
12 two motions are independent of each
| other. Motion along the x-axis has
zero acceleration. Motion along the y-
axis has uniform acceleration a, = -g.

y
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Horizontal Motion: a. =0  The velocity along the x-axis does not change:
v.=v,cos6, (eq.1) x=x,+(v,co86,)r (eq.2)

Vertical Motion:  a, =-g Along the y-axis the projectile is in free fall

2

v, =v,sing—gr (eq.3) y=y,+(v,sin 6’0)1‘—% (eq. 4)

If we eliminate 1 between equations 3 and 4 we get v, —(v, sin 6, )2 =-2g(y-y,).

‘ Wi =0 ) Here x, and y, are the coordinates
I -

g "\ of the launching point. For many

" fal problems the launching point is

O f_ \g ) taken at the origin. In this case

x,=0 and y, =0.
Note: In this analysis of projectile

motion we neglect the effects of

air resistance.
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The equation of the path:

2
x=(v,cos8,)t (eq.2) y=(v, sin@o)t—% (eq. 4)

If we eliminate ¢ between equations 2 and 4 we get:

8

5 x”. This equation describes the path of the motion.
2(v, coséb,)

y=(tan§,)x—

The path equations has the form: y = ax+bx”. This is the equation of a parabola.
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Horizontal Range: The distance OA is defined as the horizontal range R

At point A we have: y=0. From equation 4 we have:

. gt’ . gt . . .
(v,sin@,)r— Ei 0—1|v,sin, — 5= 0. This equation has two solutions:
Solution 1. #=0. This solution corresponds to point O and is of no interest.

gt

Solution 2. v, sin 6, 5T 0. This solution corresponds to point A.

2v,sin g,

8

From solution 2 we get ¢ = If we substitute r in eq. 2 we get

? R v” sin 26

%
LY
o AT, :
et ire Sl
»
>
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The y-component of the projectile velocity is v, = v, sin 6, — g.

- : sin &
AtpointA: v, =0 — vy, smﬁo—gt%t:—v@ 0
8

M_g(% sin 6,

2
H =y =(v, sinﬁo)t—&:(vo sin 6,)

2 2
7 = Yo SIn o,

28
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2 Cannonball Motion
>
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2D Constant-Acceleration Kinematics
Acceleration is a constant in arbitrary direction, and motion is in two dimensions. We use the same
kinematics equations as we are familiar with from one-dimensional motion, except that we must treat the

x-components separately from the y-components.

The only variable that is the same for x and y directions is the time ¢!

1 1 2
X=X, +V,t+—at’ Y=YtV ttoatt
2 2
Vo =V Tagt Vy =V, tagt
2 2 N
vi=v, +2a (x—x,) v =vg, +2a,(y-y,)

1) I shoot a ball from a cannon at 15.0 m/s, 60° above the horizontal. It lands on a platform that is 8.0 m
vertically above the end of the cannon. Find the horizontal distance from the end of the cannon to the
point where the ball lands.




