
Chapter 2) 1 - Diminsional Kinematics

all motion is constrained to a straight line

6 Distance vs. Dis place ment

Dog Park ÀB is displiemat

AB is distance your
1 2

? East
dog travels.

D= vector = magnitude and directri

D' = AB

D =  23m@42° Northof East.

North

E X

45° West aN

C

w e s t

23° NFE
? X -  E a s t

? south

25? West of Sonth

vectors to be discwsed Late!!



( - )

A runner runs East for 80km then
they turn 180% and run West for 100k.

(a) How far did they run? 80+100=1180m

100
?  x  ( + )

8 0 m

) What is their displace ment?

magnitude: 100-80=20 D=20m West
direction: west.

Or- we can use a negative sigh to denote
the direct ion

I  u s e

2 0  m

(+) for the ward pasi tine
( -  f o r  t h e  w o r d  n e g a t i v e

LHS = LeftHand side
R H S  =  R i g h t  "  "

w r i t .  =  w i t h  r e s p e c t  t o
" ? " =  i m p l i e s



A Speed vs. Velocity. (3

" speed is the distance, s, divided by time, I.

V = S/€ scalar

? velocity is the displace mont, D, divided by

V = % t

5 8  m

Vdog =
58m

10s
= 5.8m/s

( s c a l r )
542°

t =  1 0 5  t o
t a v e l  f r o m

A  t o  B

Ume = 23m
10s

dog

= 2 . 3 m / s

4 2 N o f E

Vave = average velocity f
both of us is 2.3m/s

EX A  c y c l i s t  r i d e s  r o o m  E  t h e n  t a n s  a n d

r u n s  3 0 0  m W .  I f  t h e  e n t i r e  t o p  t o  6 0 s

w h a t  i s  t h e  ( a ) ave. speed (b) ave velocity?
(a) Vave = AS-= 200+300

605 8.3315

-  1 0 0 0 1 0 0

D
66) Vave =-

t

2 0 0 0

= Final location- Initial = (100m) - (Om)
t i m e

= -1 .67* / s 1.67m/s
west



Vertical Motron
A base jugger jumps off of a 1000m high antenna.

She free falls 600m, and then, pulls her shut.
She floats 400m and lands 150 s after pulling
her parachute: What is the ave speed for the entire jung?

(i) Diagram (id pray

igaily
400m is 150s

(ils) egus
V a v e  = d sA t

BTW: f rce fa l l  =  600 m

f l o a t

(iv) Solution of egns.

600+400 = 1000 m
14+050 1645

4 0 0 m

1505

= 4 2 . 9  m / s

= 6 . 1 0 %

approx
43m/s

3 m / s

E x Examples of speed

Runner :  7m/s

Car : 25m/s {60m/4=88745=9076/=30m

TRt : 300m/s {Mach 0.97 Speed of Sound 343m/S.

Int'l Space Statron: 17,500 mi/hr = 20,000m/s

L i g h t :  3 x 1 0 * / s  = 3 0 0 , 0 0 0 , 0 0 0 9
(300 million meets in one second.))



@ plotting speed vs. time

Consider a spring mass hanging for the ceiling

red pen
historyof  the

mot io

Flip around
y fone-dimensional motion

?  t i m e

Displace ment vs. time



Ex Cons ide  the  p lo t  be low
Calculate the arrage speed between the
t h e  1 5  t o  7 s

0 . 3 m

0 . 1 m
m

X o l 15

/ slope
y a m x t b

x =  V . + + X

m = D X = V
s t

Vare =1x
A t

= Xf  -  Xi
t f - t i

= 0.3m - 0.1m
75. - 1 5

= 0 . 3 m
6 s

= 0.033 m/s)



D average speed (velocity vs. instantaneou (elong)
= ave.

instantan -
c o n s

speed at
t

slope of chards.

t , t ,

L street the tangent live

Vinst = lim? AX
t.

Calculus

= d x(t)
d t

o acceleration

? Just as the change if position wait, timeis
the spreed (velocity)

Acceleration is the change is velocity
w e t .  t i m e

AsV = AtAt ? rate of change of
position

a = Av ? rate it change
A T speed.

? Acc'ln is the result of an applied tove.
Newtons 1st Law: object has const. speed if no fores

and Law: acc'la is protonial to force aplied
I.E: Accla comes from Fo (4) F=ma



E x

V

A  s a i l  b o a t  i s  t r a v e l l i n g  a t  2 m /  E  8
when a gust of wind speeds the boat up to 8's

If Ssecconds elapsed between between these
s p e e d s  w h a t  i s  t h e  a c c ' e n ?

8m/s
Clevelspeed (constart speed) = Oacch

2m/s
251 17s
ac i l a to

l eve l  ?  O acc la

a  =  A tI final
w i n i t i a l

a = Vt-Vo
t f - t o

=8m/s-2m/s
7 5 - 2 5
6m/s

5s 0. 8m/s change every second

= 1.20m/s/s

= 1 .20m/s=

dimension of a
quantity

[ a ]  = m

Better to
t h i n k :

Ispeed

[a]= m/D
Of time

ex. 3 m / s °

= 3m/s increase in
speed

EVERY 1 sec time



EXt a falling ball
@ E t = 0  V I O

711
6E t=1 1=9.84/s

agoning =9 = 95716

g E t = 2 s  9 8 1 9 8 = 1 9 . 6 m / s

0 + 6 = 3 5  1 9 6 7 9 - 8 = 2 9 . 4 m / s

This means
?  = C o n s t

Be we increase speed 9.8 ms every second,

I n  t h i  c l a s s  w e  a s s u m e  c o n s t a n t

acc 'en  in  most  p rob lems w i th  non-cons tan t
s p e e d s  k i n e m a t i c  c h a p t e r s ?

ottor wise we need
Calculus

V

a$ const

t

phys 06 physics 201



EX A car acc'lts from 8m/s to 20m/sin8s.(8)

What is the ave. accle?
Free-Body

(i, Diagram (ii) Farre Diagram
7

n i e m
00

t=0 t=85

V.= 8m/s Vp=20m/s

(is) Formula fir) Do the math

Gave = IVSE: 20*45-8%
8.s

We increase our speed bay

=12 m/s = 15m/s/s

3'1s every second
o r 1.5 m/s°

chant out speed

t  = 0

€  = 1

€  = 2

t = 3
t = 4

€ = 5
€  = 6

+  =$  = 8

9 . 5 * 1 8 1 1 . 5

1 1 . 0 4 / 5 6 1.5

12.5,m/s

1 4 . 0 m / s
1 5 . 5 m l s
170m/s
18.5m/s
2 0 . 0 m / s

-OR- use farmula

v i a t + v o

V(8) = (1.5955)(83)+8041

=12.0m/s +8415

= 2 0 . 0 1 s .



A wagon moviny east at 20m/s encounte
a very strong head wind slowly it down and

resig its direction. After so it is traveling?
West. at 5mls. What is the avenge accla

? diagram Vo= 20m/s, east

?  ( + )
W ?  E

€=0

Ns = 5m/s, west

ts = 55)

? formala

velocity dave =
t i m e

A V
Gave= St

t s - t o

= -25m/s
55

= -  5 m / s / s

= E5m/s acc 'en

going West.

5 3 - O s



V a v e  =
A X
A t

/-Dim Kinematic Formular (
X.distanci ispeed

= X , - X

t a - t ,
t .

velocity
V2

t ,

m i a c i a

w e

a  . =  1 5 VF-Vi
t f - t i

typically set t; =0 tz = Efinal

Vave 2 Xf = Xo+ (Vo+Vf t

Vf = Votat X+=  Xo  tVo t  Fa t '

2a (xp-x. )  =  Vs"-V.
2



EX A jet  f ly ing at  400 f t ls  lands on
and comes to a stop in

in 300F.
400ft/s

? diagram UFO*s

300€ x=0

? data
chitial

Vo= 400ft/s

X .  =  0

final
Vs=Oft/s

X+=300ft

s i n c e

Alave =?

? fo rmu la :  use  Za  (X5 -Xo )  =V j -V . '
it does not use time.

? populate: Za (300 At -086) = 0545) - 400t%)

- 4002
a =

2.300

a=-267 #52 de cellerating
26ft/s slowe
every second.



A ball is 5m from the bottom of a ramp
but is rolling upwards@8m/s.Fourseconds
later we measure the ball to moving @zil
towards the bottom of the ramp.

(a ) .  How far  i s  the-ball from the bittom of th Pamp?
8mls

Cil Diagram V. Vs= 2m/s
Variables

V.=8m/s

Vp=-2015

5 m

€ = 0

(ii) Fore diagram (stip in Chut 253)

¿i) Equations
want 8 mls

X f = X o t

X 5

t = 4 s

t , = 0 5

t f = 4 5

Xo=5m

-2m/s X f=?

45
t

( i v )  Popu la te  egn  and  so lve  fo r  des i red  va r iab le
§Do the maths

Xf=Smt( 8ut (-2/21(45)

= 5m + 6m15.45

= 54+3-13-44
=5m+12m
= I'm up the ramp

2 0

t =05 ,



Ex) cont.
(6)  How far  up the ray did,  the bal l  go

Vo= 8mls
Xs=?

V,= 8m/s
Vf=0m/s

t f = ?
X.=5m

5m
t = 0 s

X f = ?

we are missing tf or a
I w e need to calculate one or the other do

Letsuse part  (a)  to get  acc ' la,  a:
vo=8m/s t . = 0

1Vf=-2m/s t + = 4 5-want

so use VE -  VotEl Uf-Vo=at
- (45) i t

Khow 8m/s@t=Os
=2mls@t=4s

V E - V o
= 9

Flip esn.
a = Vt-Vo

? populatea= (-2m/s)-(84/5)
4s

?  = - 2 . 5 m / s ?



( U X )  c o n t
N o w  w e  h a v e

f i n i s h  p a r t  ( b ) .

8m/s

a c e ' l a a n d 13

Xo=5m

Xf=?

w e  c a n

variable

X o = 5 m
t o = O s

V.=8m/s
a=-2.5m/s

Vs
t f = !p i c k

Solve for Xy (tap of ramp)

+ X, :
2 a

V s - V o

z a

populate: XE = (045) - (81)°
2(-2.51/53) + 5 m

t J m
- 5 m / s "

= 1 2 . 8 m + S u

ToBall turns around
X 7 = 1 7 . 8 m 1  x = m . 8 m

? Ball V=-2m/s
@x=17.0m@4s



(+)

* gravity

We will see in a futtire chapter that
the force of gravity exists between any to

objects with mass.

So here near the surface of the earth, we

see an object fall, neglecting air friction,
at 9.8m/s acc'la. (32f1/52)

a t=0, Vo= 0m/s

@ t=15, V, = 9.8m/s

t=25, V2=19.6 m/s
+9.8

?every second ure

add 9.8m/s x
our  speed.

§speed increase is
uniform?

? accla=constant

? distance grows in
between uniform

time intervals.

@ t=33, 1N3=29.4 m/s.

parabola

straight
l ine

t
m=acc la

=9.8m/s
?



E X

diagram

A ball is thrown vertically upried 13)
with an initial velocity of 30m/s. What
Are the positions and velocit@25,48, 475?
(+) ? data

vo= 30m/s @t=0,7=0

@t=2s we want Is iVe

cliffy ? formulas

9=-9.5415

a calculate

@ t = 2 , :

+=1 Vs= Votat, Xy Xo HotHat"

V2= Votat Yz=%tottfat
V2=304-9.8m?25y2=0+3002-198-2

2=10.4 Ms up. y2=60m-19.6m

4, =40.4m abore ledge

@t=4s: Vy=Vo-9.8t
=30m/-9.8m(45)

(Vy=-9.21/s, (down)

Xy = Out 309.45 - (181 45)

x4=120m - 78.4m
X4=41. 6m above ledge

@t=71 V2 = 30-9?8(7)

47=-38.6115
X7=0m+30 (7) -÷(9-8) 7

2

x,=-30.1m below ledge


