PHYS 1443 — Section 001
Lecture #5

Tuesday, June 5, 2007
Dr. Jaehoon Yu

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

Today's homework is HW #3, due 7pm, Friday, June 8!!
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Announcements

« Quiz results

— Class average: 9.9/14
 Equivalent to: 70.7/100

— Top score: 13/14
 Quiz this Thursday, June 7

— At the beginning of the class
— CH 1 — what we cover tomorrow

 Mail distribution list
— 20 of you are on the list as of last night

— Extra credit
* 3 points if done by tomorrow Wednesday, June 7
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Kinematic Quantities in 1D and 2D

Quantities 1 Dimension 2 Dimension
Displacement | AX=X; =X | AF =F; —T
. AX Xy =X AT T -
V. = — = = —
Average Velocity | Vx = ft V=aTT L
. AX  dx ~ . AF _dr
Inst. VG'OCIty V, = l![r—T;IOA_t = TS V = HinoA_t 3T
ZAVX:fo_in ﬁ:A\7_\7f—\7
Average ACC. |ax=" = | 8= 4= =
Inst. Acc i AV v d?x 5 fim AV _ 4V d’r
| | AT A dt de| o M dt db
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2-dim Motion Under Constant Acceleration

e Position vectors in x-y plane:

—

G=Xi+VY] (= X0 +Y,]

 Velocity vectors in x-y plane:

-

Vi= v +v,] V=

- =
|

+ Vi ]

xf

Velocity vectors in terms of 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 position vectors written in acceleration
vectors?

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

F) _ - i _
Putting them £ Xl Y
together in a B 1_..)= 1 =
vector form —(x +int+5axt j|+(y + Vv t+2at )]
1 ' i 2

Regrouping ( "‘le) (V | +V,, J)t+2(ax|+ayj)t
the above

=7 +Vt + 1t
2
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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.

Ve =V, +a,t=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 speed of the particle at t=5.0s.

—

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

Vv _ _
Angle. of the 6 =tan™ [yj = tan 2 (E) — tan™® (—SJ =21°
Velocity vector v 40 3

X

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!!!

Xx-component in = Vi COS 91 y-component V = Vi Sin Hi

y
_» = - = In a projectile motion,

ad =da,l + ay ] = —40] the only acceleration is
gravitational one whose

direction is always
. X f toward the center of the

a,=0 X; = V,t=v.cosdt |l = earth (downward).

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;Cc0s¥,
y, =X, tan 6, — > J > sz What kind of parabola is this?
2V,” cos “ 0,
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Projectile Motion

v, = 0 at this point

y
v _,__-u
Vy A &7 h
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 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 x

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

it completed it’s flight.
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{ Interactive Physics - [PKG30A] o
| Fle Edt World View Object Define Measure Seript Window Help

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

=101x]
=181

Dlilﬂl éﬁl"ﬁl @l?l |_Q|A|,®|,@| RunhlStuplllResetl

At the maximum height the object’s vertical
motion stops to turn around!!

ol e e n oSy =y .4+ at
10 1 Ax= [ll] m/s*Z | | v | Ay= 98m/s™2 yf yl y
O || & ' : 5 : :
LD AR 2 S :
Ly e N H — —
Spit-=] I 5n_tc _____ - ﬁs"’ ______ - V| S I n 1 gtA T
o[a| 2] R
o) 25—EF """ KU """ "
I ;; V. Sin 6,
St A | Solve for t . tA —
1o ! A
00 A0 ED 0 100.0 1250 150.0 hd
G| B O EER DK [ _>|J g
/
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Horizontal Range and Max Height

Since no acceleration is in x direction, it still flies even if fvy:O.

R =Vl :in(ZtA) = 2V, COS Qi(vi sin ¢ j

9
2 .
‘Range‘ o :[vi SIn Zeij
9

1 ) . V. sin . 1 ( v.siné.

Yi =h=vt+—(-0)t°=v,sing,| - L= g| - '

f y 2 ( g ) I I ( g j 2 g ( g

2 Al 2
‘Height‘ y, =h = Vi sin” 0,
29
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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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Example for a Projectile Motion

A stone was thrown upward from the top of a cliff at an angle of 37°
to horizontal with initial speed of 65.0m/s. If the height of the cliff is
125.0m, how long Is it before the stone hits the ground?

V,; =V; C0S6 =65.0xc0s37° =51.9m/s

V, =V;sIing =65.0xsin37° =39.1m/s

Vi = —125.0=V,; —% gt* [ Becomes )

gt° —78.2t — 250 = 9.80t° —78.2t —250=0

782 J(=78.2) — 4%9.80 x (—250 )

2x9.80
t=-2.43s or t=10.4s

|t =10 .45 I ,00-| Since negative time does not exist.

Dr. Jaeh'om

==

1y = 63.0 ms

h=125m \




Example cont'd

« What is the speed of the stone just before It hits the ground?

Vs =V, =V;C0860, =65.0xc0s37° =51.9m /s

Vs =V, —gt=V;sing — gt =39.1-9.80x10.4 =-62.8m/s

V= V" +V, " = (51,9 + (-62.8) =81.5m/s

« What are the maximum height and the maximum range of the stone?

Do these yourselves at home for fun!!!
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