PHYS 1443 — Section 003
Lecture #6

Monday, Sept. 13, 2004
Dr. Jaehoon Yu

1.  Motion in two dimension
0 Motion under constant acceleration

. Projectile motion
«  Heights and Horizontal Ranges
«  Maximum ranges and heights

—  Reference Frames and relative motion
2. Newton'’s Laws of Motion

¢ Force

¢ Law of Inertia

Quiz Next Monday, Sept. 20!!
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Announcements

Quiz #2 Next Monday, Sept. 20
— Will cover Chapters 1 — up to what we cover this Wednesday

e-mall distribution list: 34/47 of you have subscribed so far.
— Remember -3 points extra credit if not registered by Wednesday
— A test message will be sent Thursday for verification purpose

Remember the 15t term exam, Monday, Sept. 27, two weeks
from today

— Covers up to chapter 6.

— No make-up exams
* Miss an exam without pre-approval or a good reason: Your grade is F.

— Mixture of multiple choice and free style problems

Homework is designed to cover the most current material

— Sometimes we don’t cover them all so you might have to go beyond
what is covered in the class.

— But this is better than covering material too old.
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Unit Vectors

Unit vectors are the ones that tells us the
directions of the components

Dimensionless
Magnitudes are exactly 1
Unit vectors are usually expressed in i, |, k or

> —_— —>

, J, K

So the v_ectorAcan ,_A:: Axi+ A i: wcos 6’5+Wsin 9]
be re-written as /
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Displacement, Velocity, and Acceleration in 2-dim

Displacement:

Average Velocity:

Instantaneous
Velocity:
Average
Acceleration

Instantaneous
Acceleration:
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Kinematic Quantities in 1d and 2d

Quantities 1 Dimension 2 Dimension
Displacement | AX= X, —X AF = Ff — Fi

Average Velocity Vx=i—)t(=);f::i Vzif{:f
Inst. Velocity | v, = ggrgoi—)t( = 3—1( v = lim i[ z—tr
Average Acc. | .= - fo :\t/fi a = i: - Vt: :tvi |
T e
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2-dim Motion Under Constant Acceleration

e Position vectors in x-y plane:

— —

ri =X.i+Y, ] re =X, 1+Y; ]

 Velocity vectors in x-y plane:

Velocity vectors in terms of acceleration vector

‘X-comp‘VXf =V, +a,l ‘Y-comp‘ Vg =

—

Gf = (in "'axtﬁ"'(vyi +ayt)_j): Vi +at
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2-dim Motion Under Constant Acceleration

« How are the position vectors written in acceleration
vectors?

- 1 1
Position vector X, =X +V t+=at’ V. =Y, +Vyit+—ayt2
components 2 2
Putting them Fe =X +ye b=
together in a B 1 1 =
iy —£Xi+vxit+2 a,t j (y,+v t+5at jj

= - Y 1 - -2 2

Regrouping =(X1+Y. ] ]+|V, I+Vylj t+2(axl+ayj)t
above results in o 1 -
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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 velocity vector at any time, t.

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

Velocity vector | v(t) =v, (t)T +v, (t )] (20+4. Ot) ~15j(m/s)

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

—

Vis =V, gl +V, s ] = (20+4.0x5.0)i ~15]=(40i-15]) m/s

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

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

— 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 V., =V, COS 91 y-component Vyi =V, sSin Hi

= — In a projectile motion,

J — g J the only acceleration is
gravitational one whose
direction is always

X f toward the center of the
a,=0 X; = V.t =V cosét L= earth (downward).

I
o

a

o | 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,cosg; ) 2 | V;C0s0
Y = X, tan Hi — > 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

Flight time is determined
by y component, because
the ball stops moving

when it is on the ground

80
_ S t=00rt=—=8sec
<after the flight.

g
. T~8sec

Distance is determined by x

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

when it completed it's flight.
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Horizontal Range and Max Height

« Based on what we have learned in the previous pages, one

can analyze a projectile motion in more detail

— Maximum height an object can reach | what happens at the maximum height?

— Maximum range

At the maximum height the object’s vertical

{ Interactive Physics - [PKG304] :5“:5:53 I [ 3] g
F||e Edit World View Object Define Measure Script Window Help J_|ﬂ mOtlon Stops to turn around”
Dlilﬂl éﬁl"ﬁl @l?l |_Q|A|,®|,@| RunhlStuplllResetl
olall sl x= usaum i t= i a_zsi := 03m =
[ 12 o 1ﬂ'ﬂu2ﬂﬂm.~"s """ {"y """ ’Hﬁiﬂﬁ"j V — V . —I_ a t
i 1 A= QOmAs: | l : Ay= 98" yf yl y
o] #e C LRI
= 0 I TR :
0in®|i g ] — H _ —
Splito--om: ] ; ; ; — V Sln gtA —
iy ﬁsv ...... I l
o[s| 2| [
L Ao | s —
gl |3 - 1, = ! d
I@\q@ TITTTTTTTT ! °
00 A0 ED 7.0 1000 1280 150.0 hd
B B M EENRIDEL [ _>|J g
4
Monday, Sept. 13, 2004 . PHYS 1443-003, Fall 2004 14
Dr. Jaehoon Yu




Horizontal Range and Max Height

Since no acceleration in x direction, it still flies even If vy:O.

R =Vt =v,(2t,) = 2v, cos Hi(

‘ Range ‘

|

v.% sin 20, j
g

1
Y =h= vyit+5(—g

‘ Height ‘
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Maximum Range and Height

« What are the conditions that give maximum height and
range of a projectile motion?

v.2sin 2 g This formula tells us that
h=|- | the maximum height can be
2Q achieved when 6,=900!!

This formula tells us that
the maximum range can be
achieved when 26,=90°,
.e., 6;=45°1!!
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