PHYS 1443 — Section 002
Lecture #6

Monday, Sept. 17, 2007
Dr. Jaehoon Yu

¢ Motion in Two Dimensions
—  Motion under constant acceleration
—  Projectile Motion
—  Maximum ranges and heights

Today’s homework is homework #4, due 7pm, Monday, Sept. 24!
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Announcements

 E-mail distribution list; 66 of you subscribed to the list
So far
 There was a brief problem with the homework
system last night
— 3 of you noticed, yeah!!
— Itis fixed now. So please submit your homework!!
o First term exam next Wednesday, Sept. 26

— Will be in class from 1pm
— Will cover Ch 1 to what we cover next Monday (~Ch4)

— Mixture of multiple choice and numeric essay problems
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Kinematic Quantities in 1D and 2D

Quantities 1 Dimension 2 Dimension
Displacement | AX=X; —X; AT = Ff — Fi
Average Velocity Vﬁi—)t(:):::i ;Eif:i: :zi
Inst. Velocity | vy = girgoi—)t( = 3—1( v = HL”OA_[ = i—tr
Average Acc. | 2= =i | a= % - Vt: :z |
st Ace. e -G - a0
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2-dim Motion Under Constant Acceleration
o Position vectors in x-y plane:

— i — =

ri:)(ii_)"‘YiJ rf:Xfi_)"'ny

 Velocity vectors in x-y plane:

— - i

Vi = Vyil +VyiJ Vi = Vi +Vny

Velocity vectors in terms of the acceleration vector

‘X-comp‘VXf =V, +a,l ‘Y-comp‘ Vg = Vi T ayt

Ve = (v +at)i +(v,; +at)j = (vxiT+vyiT)+(aXT+ayT)t =
=V, +at
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2-dim Motion Under Constant Acceleration

« How are the 2D position vectors written in
acceleration vectors?

— 1 1
Position vector X, =X +V t+=at’ Y, =Y, +Vyit+—ayt2
components 2 2

F) — i 1 =
Putting them r = Xl Y
together in a B 1_ . 1 o
vector form —(xi+vxit+§axt j (y,+v t+2at )]
- i - i 1 - i 2

Regrouping =(Xil + yij)+(vxi| +Vyij) t+§(axl +ayj) t
the above

— — 1 —, 2
=r +Vl +—at 2D problems can be
2 Interpreted as two 1D
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Example for 2-D Kinematic Equations

A particle starts at origin when t=0 with an initial velocity v=(20i-15j)m/s.
The particle moves in the xy plane with a =4.0m/s*. Determine the

components of the velocity vector at any time t.

Vi =V t+at=20+4.0t(m/s) Vv, =V, +at=-15+0t =-15(m/s)

Velocity vector | V(t)=v,(t)i +v,(t)j=(20+4.0t)i —15](m/s)

Compute the velocity and the speed of the particle at t=5.0 s.

—

Vi_

speed = M = \/(VX)Z +(v,) = \/(40)2 +(-15)" =43m/s

s =V, sl TV, 5] =(20+4.0x5.0)7-15]=(407 -15]) m/s
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Example for 2-D Kinematic Eq. Cnt'd

V — _
Angle of the 0 tan- [ j_ . ( 15) o (_3J _op
Velocity vector Vy 40 8

Determine the x.and y components of the particle at t=5.0 s.

Xe = int+%axt2 220X5+%X4X52 = 150(m)

Ve = Vit = —15x5=—75 (M)

Can you write down the position vector at t=5.0s?

re=X.1+y, ] =150i =75j(m)
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Projectile Motion

A 2-dim motion of an object under
the gravitational acceleration with
the following assumptions

— Free fall acceleration, g, is constant
over the range of the motion

+ §=-9.8](m/s?)
— AIr resistance and other effects are
negligible
« A motion under constant
acceleration!!!! =» Superposition
of two motions

— Horizontal motion with constant
velocity ( no acceleration )

— Vertical motion under constant

acceleration (g)
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Show that a projectile motion is a parabola!!!

X-component in = Vi COS 91 y-component Vyi — Vi Sin Hi

1 I L In a projectile motion,
a = ax | +a vy =~ g] the only acceleration is
gravitational one whose
direction is always
X f toward the center of the
earth (downward).

a,=0 X; = v,t=v.cosgdt |l =
V. cos 6.

1 B : 1
Y, :Vyit+5(_g) t? =V, sin Qit—Egt

2
Plug tinto \ y - v.sine( X j_lg[ X ]

the above v,cosd, ) 2 V;co80
y, =X, tan 6, — o J > sz What kind of parabola is this?
2V,” cos “ 0,
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Projectile Motion

v, =0 at this point

y
\J ___..._u
v, A = =
J”ﬁ

The only acceleration in this
motion. It is a constant!!




Example for Projectile Motion

A ball is thrown with an initial velocity v=(20i+40j)m/s. Estimate the time of
flight and the distance the ball is from the original position when landed.

Which component determines the flight time and the distance?

y; =40t Jr%(—g)t2 =0m
t(80—gt)=0

So the possible solutions are...

Flight time is determined
by the y component,
because the ball stops
moving when it is on the
ground after the flight,

.'.t:Oort:@zSSec

9
-t ~8sec Why isn't 0
the solution?

X; =Vt =20x8=160(m)
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Distance is determined by the x

component in 2-dim, because
the ball is at y=0 position when it

completed it's flight.
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