Lecture 4

> Motions in Two and Three
Dimensions

~ Projectile Motion
> Circular Motion

http://web.njit.edu/~sirenko/

Physics 105, Fall 2009
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Motion along the straight line +

Vectors
One dimension (1D) Three dimension (2D)
Position: x(t) m .
Velocity: v(t) m/s Position: r(t) m
Acceleration: a(t) m/s? .
Velocity: v(t) m/s
All are vectors: have direction and .
magnitude. Acceleration: a(t) m/s?
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X=0 Fik
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TABLE 2-1 Equations for Motion with Constant Acceleration?

Equation . . .
Mumber Equation Whissing Cuantity
2-11 v =y, t+at XXy
2-15 x—xD=vD£+%a£2 v
2-16 v2=vzn+2a(x - xp) Z
2-17 x-xp= Liyytvl a
3
2-18 X -Xg=vi- %a.ﬁz Ly

2 Make sure that the acceleration iz indeed constant before using the equations in this table,
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Gravitation is universal

Most important case of constant
acceleration: Free fall

a=-g whereg=98m/s?

(defining "up"” as the positive direction)

Gravitational
acceleration
does not depend
on the nature of
the material or
the mass of the
object.
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Elephant and Feather

http://www.glenbrook k12.il.us/gbssci/phys/mmedia/newtlaws/efar.html

‘a = -g whereg=98m/s2

(defining "up" as the positive direction)

a, = -9.8 m/s?
vy(1) = vio+at:
Y(1) - Yo = Vyo T +a,12/2

If gis the same,
H = y;-yois the same,

and v,q is the same, then the time of
the fall should be the same for both

Elephant and Feather !
What is wrong ???
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Free Fall Motion

As learned i an earlier unit, free-fall is a special type of motion n
which the only force acting upon an object 1z gravity. Objects which
are said to be undergoing free-fall, are not encountering a sygnificant
force of air resistance; they are falling under the sole influence of
gravity. Under such conditions, all objects will fall with the same rate
of acceleration, regardless of thewr mass. But why? Consider the
free-falling motion of a 1000-kg baby elephant and a 1-kg
OVELZrown mouse.

™=1000 kg m=1kg

la = -g whereg =98 m/s2

(defining "up" as the positive direction)
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2D and 3D Motion

« Motion in 2D and 3D

- Position, displacement, velocity, and
acceleration

- Projectile motion

- Uniform circular motion
- Relative motion

- Reference frames
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Motion in 3D: 7 = «i+yj+zk

> L: 0 beginning of the process

>r=0 is arbitrary; can set where you want it
- — ol

> rp = r(t=0) position at +=0;

- =5 -S> = " ~ ~
PEr,+p, +r, = xi +y-j+z-k

a, =0 V(1) = v,g+a,t; X(t) - Xg = Vyo T +a,t2/2
a,#0 vy(t) = vo+a,t; y(t) - Yo = vy t +a,2/2
a,#0 v,(t) = vo+a,t; 2(1) - zp = v, T +a,t?/2
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Position and Displacement Average and Instantaneous Velocity

z_cf + :fij + zk A7
Ty — T At
(!132% + ya3 + Zzﬁi) — (391% +yij + Zlﬁi)
(2 — 1)t + (y2 — y1)J + (22 — 21)k
Azxi + Ay5 + Azk

Tangent -

Azi + Ayj + Azk

dr’
dt

0

d . " .
E(Zi +y7 + zk)

- 1 *
(5mjk (em)y
(=3 m)i

d:rA_+ dyg_+ dz .
at' T a? T ar

@

vmﬁ + ’vya‘ + vzlﬂc

|

I 2~ Later
1. f - ~ o ater
|-.-1/ ; Path of particle ; : position

d dz
Uy = —y, and v, =

dt dt
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Average and Instantaneous Acceleration
Kinematic Variables in 2D or 3D

(1) = x(0i + (1) j + 20k
di _dx, dy . dz,

dv
dt

P A - p O T w ! @

a('vmz + ij + 'Uzk) - in + V}j + vzk

d d i i = Wy By dv
Vi, @ys Aoy ’ dt dt dt” ot
dt dt dt ' =ad+a,j+ak

agi + ayj' +a.k : 1(t), V(t), and a(t) are not in same direction!

/
Path~
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Projectile Motion

Horizontal motion + Vertical motion

"Free fall with horizontal motion"
x = horizontal

y = vertical (take positive direction as "up")
z is not relevant

ais only in the vertical direction: a= -g J

a, = -g qx:O
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Projectile

a, =0

Motion (continued)

o = -g

In both directions the acceleration is constant

Y

Vi = Vox = constant v, = v - gt

X = Xg + Vot

Lecture 4

Y = Yo * Vot - gt?
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Projectile Motion (continued)

x and y motion happen
independently so you can
treat them separately

Connected by time:

X = Xg + Vox'r

Y = Yo *+ Vo,t - £gt?
Since y(t) is a parabola and

x is linear in time:
y(x) is a parabola too
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Projectile Motion; General Case

Horizontal motion

T — Ty

Vot
(vo cos Bp)t

Vertical motion

1 2
Y—Yo = voyt — ggt

1
(v sin By)t — Eg':lt2

vy = wvpsinfy — gt

yj = (vpsinfg)? — 2g(y — o)

Lecture 4

Trajectory and horizontal range

gz v2
= (tanBp)z — ——————— R = —sin20
y = (tan 6y)x 20y cos )2 g sin 26,
A .

¥
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Projectile Motion
Sample Problem

OV_O. A ball rolls off a table

' of height h. The ball

has horizontal velocity
vO when it leaves the
table.

How far away does it
strike the ground?

- How long does it take
to reach the ground?
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x— g = Voot
= (wpcosBy)t

=

I VD 1
1 JII Y— Yo = ’U[)yt _ Eth
. .
= (wpsinfy)t — Egt2

vy = wvpsinby — gt
‘ X

[X]

v2 = (vosin®y)® — 2g(y — vo)

For x direction: + = Ax/ v,
For y direction: y(+) = 0

Voy = O: Yo=h y(t) - h = v, t - gt?/2
AX= vy-(2h/g)?
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] 0 For x direction: t+ = Ax/ v,
For y direction: y(t) = 0
y y(t) - h= vy, 1t -gt?/2
[ ) Ax= vy-(2h/g)?
' For
AX = ?2? Vo= 2.2 m/s
h=10m
Xo=0 Ax= 1.0 m
Yo=h

QZ#4 How long is the fall?
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QZ#4 (continued)

¥elocity, Position, and Acceleration

HIGH ROAD LE¥ ROAD

Balls A and B start with equal velocities.

Which path (A or B) is quicker and why?
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Uniform Circular Motion

Uniform Circular Motion

Sample Problem

Centripetal acceleration

a = — -

27r ; it

— - e

v f

a;
2

/

- e
\ i
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Centripetal acceleration

A runner takes 12 seconds

round a 180° curve at one a4 = —
end of an oval track. The
distance covered on the
curve is 100 meters. .

. . Period
What is her centripetal

acceleration?
T e

Andrei Sirenko, NJIT

22

Uniform Circular Motion

Sample Problem

,v2
A runner takes 12 seconds a="

round a 180° curve at one

end of an oval track. The 9
) T
Period: 7 ="

distance covered on the

E \l
curve is 100 meters. v
What is her centripetal

acceleration?

v=100m /12s=8.33s; R=100/n=31.8m

a=(8.33)2/31.8 m/s2= 2.2m/s?
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Centripetal acceleration




