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MOTION IN A STRAIGHT LINE

Kinematics describes how objec’rs move without asking what forces cause the motion.
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RECTILINEAR MOTION

motion along one chosen
S'l'raigk{' axis

~

s

.

moTioN | [

posi+ion char\ges with time
relative to a chosen
reference frame

motion —> X ckanges
as t ckanges

>

® replace an obje.c{' bg one point

® the model describes translation,

\—

POINT-OBJECT MODEL |

when its size is neglisible
compared with the distance
and length scales of interest

not rotation or shape ckomge g

[ position X (t) j — [ velocity v(t)] s Lacceleraﬁon a(t)

Alwags state the origin, positive direction and time origin before assigning signs.



POSITION, DISTANCE & DISPLACEMENT

A B
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POSITION: signed coordinate measured from the chosen origin Xp = =3 m
XB = +5 m
DISPLACEMENT: s’rraisk‘r-line ckange in posiﬁon from start to finish AX = Xg — X,
A(-3m) o > B (+5m) =5-(-3)= +8m
depends onlg on endpoints; may be positive, negative or zero
DISTANCE /PATH LENGTH:  actual route traveled; add up all segments
A(-3m) >(+“m) o B (+5m) distance g 10m+2m
—_——v10m } I —" =12 m

total path length; scalar and never negative

distance > |diSPlaC€M€Y\+| equality holds only when motion does not reverse direction.




AVERAGE SPEED & AVERAGE VELOCITY

~

p
Average velociiy is net displacement 1 Avera?e speed is total distance
per e apsed time. per elapsed time.
AX _ Xa= % total path length
Vavg = —— = speed,,, = P J
ava A_t tz - t1 P o.vg A't
unit: m s”* —> direction matters unit: m s —> non-negative
g - J _J
6mri3h+in2$ 2mleft in 25
B S T S L R R S > é —————————— 4
4 ee P & & = D ¢ (m)
-2 0 4 6
Total time elapsed: 2s+2s =4 s Avero.ge speed = +°+°’|:{':S+MC€ = i—': =2ms?
Distance traveled: 6é6m+2m =8 m s choge el displacement _ 4m _ ., = -t
Displacement:  x.-x; = 4m-0m = +4m At 4 s

[average speed >= |average veloci+5|J

QUICK IDEA:

A round +rip can have non-zero average sPeed but zero average veloci’rg.



INSTANTANEOUS VELOCITY & SPEED

FROM AN INTERVAL TO AN INSTANT:

INSTANTANEOUS SPEED:

X A tangent

secan’c\ _ " a{SP y _ Ax
! av e
! ok speed = |v|
: A x d x
| = | — D e—
i Wi o 1 i
t

’cla iz o examples: +24 m s!and -24 m s

le— At — At - both have speed 24 m g
® instantaneous velocity is the rate of ckamge

of signed position at that instant.
® on an x-t graph it is the slope of the tangent.

[~ B & : N (" T
; / positive slope x hinzon’r:l : \ negative slope
—> angen —

—>¥ >0 _)3\/ =0 —>v<O0
s : J e g - - s y

A Instantaneous speed equals | instantaneous ve|oci’r3|, but average speed need not equal |avera3e velocifgl.
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