1D Motion in general v=Lim AX _ dx
AX At—0 At dt
V=g T MXEVAL  Ax=areaunder v(t) curve
AV v(t) =slope of x(t) curve
a=— AV =a At _
At a(t) =slope of v(t) curve

For constant acceleration (a=constant) [Important special case]
ACTUALLY WILL OFTEN USE “y” NOT “x”
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° (X-%) Will derive later
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1 Dimensional Kinematics

| | | AX >If i f example 1
| | |
| I — | +X— ' 3m 5m +X
X=0 X V 5 X X=0 t=2's t=6 s
1:i 1:f
AX = X¢ = X; :5—3:+2/r4n
e displacement |AX = Xs - X; | positive (+) => to the right!
-how far . At = 6-3=3s
-what direction units [m] oy 5.3
. V== = A+#0.5m/s
e time interval At=t. -t t-t 6-2 /
_ positive (+) => to the right!
units [s]
f | example 2
e average velocity units [m/s] — : .
= 1 3 +X
_ AX _ X=0 t:r6ns t:rzns
V=— = AX=VAL
At AX=X;-%=1-3=-2m
-how fast _ _negative (-) => to the left!
-what direction At =6-2=4s
_ Ax -2
V= =—=-0.5m/s
2-1 At 4 /
negative (-) => to the left!




Instantaneous velocity Lovf B
SN AX -_— o

W= ﬂt% At ;“-‘ é(.t- : /
. (LT e
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t t —t — ( Aceeleraticq
X=o X . + ¥ I (
) x“' { a_-:l..’-« _9_‘.’
t.. tg. Il L ‘—DE“WA
- C&‘u.'?’-}‘j
Average_ X = Ve-V. _ AV i
acceleration -~ R — E—?——— B —_
t.s." t; € 3 =)
e v,:-i":_";—/_g % : —> V. = *5‘—;-./_‘
E ;=2 t = & *x
' +— S
- -V
a Vs ~ 5-2 m/s 3
6-5— ~£ £~ ~ S - & S
A =40.25 o
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V= T 3 ey W T~ -
— T .
_ =R ; —
x. -.q x; +x
t.': Zs t."’_‘ "
— = v F==) .
a = o - =2 3 _ 2 g
e_’_-t 65 - 2. 3 - s+
a = — 0.5 a
() ==
— v, & e My ;!;:-'* -.""Z-ﬁ;..f"-
( = _ : - = =]
Mot ¢ & = AY —= [av= &AL/
eXample

At= % >
A v= —05’%)(4;‘
AV — - A




Graphical concepts

v=constant=v,a=0

>
'S |} AX =V At -
9o ) :
g v=const. | “ Di_splacem(ejnt Example - 3 Velocities:
N7 — Z = Integrated area
\ % undergthe T Vg <0 <vy <V,
/ velocity curve -~ V5
7. - / z
h > time 3
t. t
I At >O Vl
) V= L lt time —
3 |
S Va[
@
< |
X
3 -~
5
%
For v,,v,, and v T o—_ & time —
Which velocity is the slowest? —
Which velocity is moving to the left?
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A Average velocity Instantaneous velocity

X slope of A
X | Limit At—=0

" slope of
i tangent

. . to x(t) curve
t € t t >t
General graphical concepts
A V 1 discuss later

a=slope of

i

>
2-5 t L AX = A =areaunder v(tg curve




A Constant “a” case

v=v,+at

Graphical concepts

2-6

_ 1 .
A x—x0+v0t+5at

" slope of
- tangent
. . tox(t) curve

0 t >t




1D Motion in general v=Lim AX _ dx
AX At—0 At dt
V=g T MXEVAL  Ax=areaunder v(t) curve
AV v(t) =slope of x(t) curve
a=— AV =a At _
At a(t) =slope of v(t) curve

For constant acceleration (a=constant) [Important special case]
ACTUALLY WILL OFTEN USE “y” NOT “x”

LN V)
onst.aonly » V=
t=0, X=X%X,, V=V, Y \\ 2
B equivalent V+V
V=V, t+at <« relations__ |V = ( ; o)
~ t° to attack _
X=X +Vot+a5 “ problems AX= VAL

2 2
V-V S =2a(Xx-X ¥
0 (X-%,) Will derive later
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problem

An object slows, with a constant acceleration, from 8 m/s to 3 m/s in a time interval of 3 s.
How far has the object moved in this process?

At=3s _
v, =8 m/s Ve =3 m/s AX =V At
© : o— V. + V;
+—> | V= >

Ax=(ViZVf)At (@) 3 [s m/s]=16.5 m

What was the acceleration of the object in this process?

a= () =2 [To]=-2 T=-1665
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Audio track showing equal time interval between beeps.

S t-’

Inclined plané&Svth Deer """"7" low lines).
{Response 1o emor pointed out by A. Yankov 1/2005)
divide tame into equal intervals =t

- at?’ t=nrt
2

n=0,123456 Galileo’s experiment:
Ax:%a(mf define dicfance coversil i lime = balls rolling on inclined
" L plane Ax=at?/2
A= a(ep] v SN

349

>
>

< | Y
5 7 36
3 % 1| f
m— s | TTTTYFTT 725
note if motion starts before =0 E 5 o|
more complicated 2 |
16
1
A=v t + —at® 0 h ;
> o
Ax=[vyzIn +[d,] n? AR
0 . Py

0 1 2 3 4 5 6 7
2-7b .



Experiment: ball (or anything) drop in Earth’s Gravity (near surface)

Right: a graph of

a marble & ball
falling as a function
of time.

1=

108
rarbs

{

X et |

"~
—

wimwe Fonnatose W T

Left: individual frames
from marbles falling
demo in class. (See
web-based movie.)

2-8 http://paer.rutg}s.edu/ptB/movies/simdrop.mov




Objects near surface of earth fall with the same constant acceleration !!!

y(m)  Time (s)
2.2z 54 Y.« 0.00
- [ -‘———<—0.05
200 Q" 010
L8 _o--_Q ----- «— 0.15
) = '_ﬁ'_‘f_o_----<— 0.20
162, O . o025
144, 0O ... o030
1.21 o.O 035
1.0
<a. O 040
0.8
N .
y 0_6 Q__Q----<_ 045
0.4
345 Q... 050
0.2
y=0.0 O] o055
m
2-9

Experiment i Falline, 05714 T

Average velocity (m/s)

1 e v =-1. 18 m!s

slope
=-9.88 m/s

Fally "3 obﬂ.coT heas

1
-

conslant accel/ervation
qT - 3 = - 7_‘--./‘1. (ao('u./)
3 Ui = 32840

‘.t____—y =-1.18 m/s

2p e - v =-1.18 m/s
15 | 'l._ a=-9.88 m/s
E RY 2 l
S 1 rYFY, v that /12 ...
05 - ., .
0| ) "
05 1 1 1 1 1
0 0.1 02 03 04 05 06

t (sec)



ball dropped (from rest) Solve step by step

Ql time 1t hits ground?

oldentlfytlme-posmon asked / -7

AV)/O

w*%gz

Vo -vo =2a(y-y,)

2-10

_.----"edraw picture

- . e fix coordinate system

SN2
’~

'/:7“:“0 Identify given conditions
“ /e recall general 1D,
iy *, a=const relations
;o « V=V, +at

:' /,/’/ t2
’ y =Yoot Vot +a?

vi-v,t=2a(y-y,)

t ~;ff
e input problem conditions into, 1D relations

(negded)

~
~
~
~
~o
~

~o
~
~o
~

e Result of problem setup



ball dropped (from rest)
Result of problem setup

t=0:y=h:v,=0
® === emmmmmmem—-- .
| | Suppose h=2 m
19 v=-gtqy | S
h | t? l
:Y,,,=h-93(2) : (_ [22)
eyttt 0.8 \'mis’
__________ y = 0
Ql time it hits grfaund? t=0.64s
t* ~ 2h
y=0=h-g— =  t=|—
‘—2 g
\ correct time (- time before ball dropped...
Y will come back to this )
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ball dropped (from rest)
Result of problem setup

t=0:y=h:v,=0
’ CVe-at o | 1f h=2
9 V=-gt gy | Mfhe2m
h L/ t , __ | 2
:/yzh-ga(g): v=—2(9.8) 2 \(m/s*) m
T+ydir;,,’;___________' v=-6.3m/s
__________ y:O /
Ql time it hits ground7
2
y=0=h- g— @ 2h
rrecttlme

vi-v.?=2a(y-y,)
Q2- ve |ty vvhen |t hlts ground’

= =2%<A\<z

(1) v=-gt- 9 — =—J2gh h 9 (0-h)
one way
Plug time hit into (1) V/: w/2gh

2-10b correct vel.



ball dropped (from rest) what about “— “time !!

what about “— “time !!
o t=0:y=h:v,=0 e y:a? tz_\/@
19 y=h- 9 — () n g
h . t V = +4/2gh
+y dir =-90 @ | . pail could have been
__________ T thrown upward at this —t
Ql time it hlts ground? ) fgfgglt;g tohne -
2
y=0=h- gt— = t= . anoth_er possible
2 correct time \/ 9 t<0 history !!

Vi-v, =23 (A\Q

v =:£.,/2gh
2-10c



ball thrown upward

lg:9.8 m/s2

V=V,-0t (1)
t2
y:Vnt'g_ (2)

2

L 1t=0:y=0:v=Vv,

y=0 + y dir.

-time to get totop ? at top v=0 !

\'4
gt = t=—2 attop

(1)
B O _VO R

g

- How long till ground ?
atground y=0 1t ,

. t
O0=y=v, t-gE

Lt g }[t]\

0= |:V0 -0 _:| t=0
5 2 Started at

t=—2L ground t=0
g
back at ground
0 -g -
4 .

- maximum height ? put t,,, into (2) 'or — _ v*-v > =24 (Ay)

2 another
yoomvt g Gy V=200 AY)
max U op 2 2 y A y B V02
—y Yo | 9 Yo| = =_0 B 2
Y max VO( j ( j ymax Zg g
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ball thrown upward
V=V,-0t (1)
2

t
y:Vnt'g_ (2)

_ lg:9.8 m/s? 2
V' t=0:y=0:v&=v, Vo=6.3m/s
y=0 vy dir t=V°=6'3 m/s2
: g 98m/s
-time to get to top ? at top v=0 !
1) v t=0.64s
S O=vy—gt = t=go at top
- maximum heignt ? put t,, into (2
t P ; @) , -(63m/sy
Yimax = Voliop - 0= " 2(9.8m/s)
2 _
U v g( v 2 V02 ymax =2m
= 0|2 0 — X -
ymax VO[gj Z(QJ yma Zg

2-11a



ﬁ\ Ball thrown upward — graphical interpretation




Ball thrown upward — graphical interpretation (cont)

N

R
fl
II
II
|I +y
I :: direction
R
19:98m52

<
o

v (velocity) —

y (position) —

2-11d

positive
displacement

K Hit the ground

t—

negative
displacement

EE s EEEE R EEEEEEEEE R R AR R a R a R R,

t—



Appendix: Formulas and Proofs Co ns""an f' Acc.c./c.ra?"fon
| vavyt+*atl
Af‘ca — AX Prees &Y ¢ = Vgt VD

- -
Lfor a :ﬁlﬂrfé‘_

Areus

+ t -9

Area=z V, *

A= A+ A
Ax = EM-%)+ vt

Ax = (v+v) Bradwardine’s Merton
2 College Rule Oxford~1300’s
\w
Lo —_ ViV
nO'/Q A X _:_'._" V t ‘=> v — _____.2-~
au =C.ou$7‘l“|f
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Trueingeneral !

displacement
=area under v(t) curve

4 ﬂo/ﬂé:' 75/)

AX, =V.At=A. area
/

At, poo T (lome)
AX = AX, + AX, +. +Ax+ . AX

AX = ;Axi :; VAt :; A, s AX= ZN:Ai

1=1
Lim AX=A A =area under v(t) curve
N—o0
bﬂ:.‘: +U‘ fl'#f‘s' a“)’ ;’—: ﬂ’a:") ‘;-ﬂr'- F- —ﬂan"ﬁf_ 2-A2



Ax = Derivation of 1D a= const. relations
y 0, ve v, +a €
s QX = EZ—:T-"-] T (N X= X‘-!-V.tr-al_-af‘
Solve (U For = v-y
b“‘f' V=V + at‘ 9_!:_46’ - L 4
¢ ) put this inte () |
= v ¥+ A -
 hxe [ re8 ey T e %) 2 (5]

l

2
AX %f_‘f—.liat

or DX=X=X, =D

F=&f-l{,f"‘:ﬁ:«t1]

al ¢t =0
ﬂos,%'on

Veloe t y

Nl

Ccms‘l". a@ace .

%: v lv’\.»v:‘s aa(X=-x) ¥ o, o~
3

Flater tA Coulde

2-A3

we will see Inis roilF
tha (wonrk - mna./}), TL.,,“_‘
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