2-D  a=constant motion

a < (a,,a,)constant

t=0 V, & (V,,,V

rh < (XYo)

Most General Form (actually rarely necessary)
o V, =V, tact o V, =V +ayt

X

2
° x:x0+vOXt+aXE

V, TV
OAX:\_/t:(OX Ox)t

X 9 o Ay=V t=

2

° y:y0+VOyt+ayE
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For special case (all objects projected near the surface of the earth)

§<:>a><f0 \l/g 'T‘+y
a, =-g

t=0 fh & (haly) Vv, < (Vox: Voy)  Initial conditions

¢ VX_VOX
t2
o X=X,tV,t oy_yo+V0yt'gE
(Voy +V,) . _
o (Y-Yo)=——t=Vt

3-0a



X
(0,0)\ Vo ——
G | | |

y ‘ v e e 2

o o N 1~ e ey e

nal| - Y N 7 .

o RSN EEEEE

e e —— | —

Begin with experiment
ball projected

* INncreasing
displacement

In =times (~t?)
e acceleration
giny

direction

y-dir
projected ball motion

dropped ball motion

X-dir
equal displacements in equal times

VX = VOX
constant velocity in x-dir X =Vl

v, = -gt
y = -gt?/2

3-1

‘ http://paer.rutgers.edu/pt3/movies/simdrop.mov ‘



For special case (all objects projected near the surface of the earth)

§<:>a><f0 \l/g 'T‘+y
a, =-g

t=0 fh & (haly) Vv, < (Vox: Voy)  Initial conditions

¢ VX_VOX
t2
o X=X,tV,t oy_yo+V0yt'gE
(Voy +V,) . _
o (Y-Yo)=——t=Vt

3-2



In general

A# ’COnp -
b~

\ Sﬁl—c‘c/ Case
a,.:q

a = c.o-:/aa*'
hd’uf"lk
» ;/.'I‘“A'cq

’ .gd¢//y e.‘n:t
a.G/on} )Iqxi)

§.r Cenvillac g

—



) Vcs_ﬁ - ; Cx =0 Obiject projected horizontally

T b4 )5 Use X, and h to find v,
h \\
! \\ Xhit hlt ‘/Zh
V, = e \
x = Yox vy = - ?t 2x i
= v.C A 2h
A y=h- 257, .
D2~ = ~ == S oo S
th 4 ?,.rom;p( r where (xn} / +)

-

i "j——'l . | | hip “} 7
| t= v, Lh
= Yox x‘ =X, ., =
3-4 | la - o T et




Demo in class example recall

/ V°§ -Measure h and X

T hit

. calculate v, 4 :_@ X h
i+ '

h y

h=im N Xpi= 4.5m oy W 2 V°x";h = Xy
1 \\/ | Va '
3 ~
X
2
v =Xy |9 _45m) |28 (M/S™) 1 1m/s= N
Lhig Z/h \ 2 1(m)
1
1:hi’[
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h
) % @x = ) Vx
§* = x_xe . t
recall 3 * v
=D i
‘ A

-------------------------------------------------------
-

(0") V2 02
-0°=2(-9) (0
_h -
) VZ'V 2 _
_Zay(y_yo)

y
y 0,

3-5 .
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V, -
4 =5 . Demo in class example recall

v, =-gt, =-2hg=-y18.6 (m/s)-4.3m/s

‘Vhit

= V24V =\11° +4.3° =121+185 =11.8 m/s

3-5a



ball projected at angle
e VRN e o sy e s
IIIIllllliili.diilllllllllll
IRRRERESSEAN

Pl L[]
INIRAERERENE--IERANNEINAENI
el ool []] ] [#][[]
7. IS dIRNNERNIE I IRINRNEANI

IIIIIlvoy T

3-6

ball
orojected|  Vx~ Vox Y = Voyt-Gt72 | just like ball

at X = Voxt V, = Vo0t projected up

ball prOJected up

angle  constant velocity v, with vo,



y

: y //
Some Observations 7~y ]
D a =0 w-
X e o
% a,=0 Y g //A%Y y a,=0
4="8 4 a,=-g

eSS 8

Note the following:
V, and V, independent
V remains constant

The symmetries in V,
The signs differ, but
magnitudes are same

Vector analysis = V is \
the slope of the curve.
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Projectile motion: Range

x-dir. const. vel.

V, =V,

X
X =V, t

v

) e o mm mm Em mm mm o mm e mm e ans?

v-dir, const. acc.

Y —Vw-gt

2

t
0=[tlVo, ;9]
S A
t=0 0=Tve, -9-] \\
t=0 shot from y= oy
i = ~
9

t.i; hits the ground at y=0

“
.
.
.
.
*
A d
“
L3

v
“

3-7
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SO = = 2V Vo, ot Vo ™Vo sin(0) Range
- g Vo, =V, cos(0)
2 2

R = Vo 2 sin(0) cos(0) = Vo sin(20)
9 9

R:ZL'A 3 n 20
F

f)rm-uffo'cc { .
o boct O=¥5 .

e S max, fa«3e.

e 45T & have
fh‘cu R

A-55crat
" e X l\

¥ ‘F’.’) v lcu.
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(e ( Recall Demo in class
h N, Ut m
2nd class Demo h=1m x;=45m v _=x,. /i 11
 range W 2h S
same “gun” vy & _-oooniiT
=same V,, VO/ R — 2 Vo« Voy
9 Vo, =V, sin(6) g
el V,, = V, cos(0) X
eca
0= 45°= R, i v 2o
Rmax = : 2 =— o= 450
02> g 1
: 1
sin(45°)= cos(45°)=—
112 _(m/s)? J2
R, (class demo) = [ —]=12.3m
9.8 mls
good
agreement
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Scud missiles Iraqg to Israel 1991 [~most of trajectory is that of a projectile]

Recall range problem  max range 6= 45° clearly 6= 45° used to get max range

Rmz? VO:? . .
h=" Time to get to max height (h)
&

‘—-——————-,
2 2
K- Rmax 2 V VO 9: 450 Sln(e) = %
g(f )
Time to get to max height (h) V B t =0
crucial (at top) =0 ! ?
condition ° __..-m———> Y V_ sin(0)
= ty,=—=-2
g g
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9

- B ----"*-..‘. h= y(ttop) — Voy t- _tz
What is paéx height (h) / ‘ Y
e t — oy
‘ 5 © “top
h=v VOy_g Voy / )
Vg 204 0= 450
h ~ [VOyZ] / //\/ _ Vo
— 2g \ V ) 1 oy \E
p=450 h=[-
/ | > ] 2
2
But recall h= Vo
2 49
R = 2 S/

g




(000 Ay

Scud missiles case 1991 R__ ~1000km = 10° m .
® I” - -‘—‘f{— - ok &5"0 k—:.' = 2-5-00‘/ f;-' 9: 450 I}hl, If.’.

0=45° 7 250km - E:
5 Rp== =V, =JRn9

Woﬁ [M]9.8[m /%] = 3200m /s

=450 t. = o 3200[m /5]

top t., = =2295=3.8min
V2 e T g st2
3.8min..-~""2.__ 38min
up_~" rattop | . down 7.6 min_total warning time
e V v — O .
0= 45° VvV

V, =V, = —0 =2300 m/s At top slowest
3-9 \ﬁ — try to intercept at top




7| «shoot the monkey” demo
@ _ - Monkay
% | - ~ '
w - .
hb - -~ '
BT
S . by
™ Ad_ —— A 7
Y Cox © =V, ) ﬁ //X
Bullef o y
{ - \%Xt /
' B
- ¢ = 9t én
reuog ,
Ko

/
To Lh.; ”n u/CCC 4
[ //
\ ¥ e

- = -~k = X”‘/ at Sama frr{dL =
- y:: y/ /
\/// //4’\ S T B o \ /
“ I
X: XM /// y\_;/ yM
Vox t=d .7 Vo, T = -"“]/- h - £~
12 ,° ¥ ?.71— - /??‘
t'= él/V . / 3'10



Howitzer Cart

V View from track

Vo .

Cart moves at constant X — motion =constant velocity for both
velocity. As the cart

passes point “T” a firing

pin is triggered, shooting A. BACKIN CART
the ball straight up.

Where will the ball land?
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Howitzer Cart

View from cart
X — motion =track moves at constant velocity

A. OBVIOUSLY BACK IN CART

3-12a



Howitzer Cart

View from cart
X — motion =track moves at constant velocity

A. OBVIOUSLY BACK IN CART
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Howitzer Cart

View from cart
X — motion =track moves at constant velocity

A. OBVIOUSLY BACK IN CART

3-12¢



Howitzer Cart

View from cart
X — motion =track moves at constant velocity

A. OBVIOUSLY BACK IN CART

3-12d



Howitzer Cart

View from cart
X — motion =track moves at constant velocity

A. OBVIOUSLY BACK IN CART

3-12¢



Figure 4-3 A multi-flash photograph
of a ball rolling down an inclined :
plane and following a parnbolic path ;;flw | T ! \L-a
being projected horizontally from the | : i

foot of the plane. (Scientific American, a2

March 1975, Photo by Ben Rose.) . . o .,

ad, = =-a

B t=0 ,'x=

“
0 -
LEEL] : 7 Vly =
: i - 8 e X _
jotograph i 13 4 BRY ,." 0{ : Xl
ned Ll §o 3= . o]

: path mw
——
rom the
rlean,

X=
Xaak X=o Vy-‘- -at y= ). -

__).(... _2(.12113 .L M : Wha‘f‘ (S ,Oa'nl P " X,y P/ah‘é.—
o) ) Y =1 I6 solve (1) $or ¢ - X

— & - /V-
J/q 6.5 yo 18/16= 15 15 '

ﬂuf‘ it (‘L) _
dfa. > p Mg IR §= Bty

3J/‘f s o 7/16=7 ol use the fuet x=d when y=o

o=y - ad
d 6 0 0 Y = o

/T. => '6:;_':' V‘?‘ = X/JL



