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Motion iIn One Dimension

Reference Frame Displacement-Distance

X
East

Displacement

Distance an object traveled

Displacement: Change in
Vrrain=89KM/N, Vperson=0km/h Object Position

Vrota=90KM/h Scalar — Vector in 1-d and 2-d




Velocity - Speed

Average Velocity = displacement / elapsed time
Average Speed = distance / elapsed time

Note: displacement-vector, time-scalar = velocity-veetor

Always:
— vector x or / scalar = vector
— scalar x or / scalar = scalar

Though this is sloppy: v = x/t
Introductory examples



Instantaneous Velocity

v = lim,,_,,AXx/At (= dx/dt)
At#0, because If At=0, then Ax=0 = 0/0=?

0 01 02 03 04 05

0 01 02 03 04 05
Time (h)

(b)




\mgeleration

o Average acceleration = change of v/elapsed time
0 to 75km/h In 5s
Avg. accel.=?




Average Acceleration

Average acceleration = change of v/elapsed time
0 to 75km/h In 5s

0 Acceleration
Avg. accel.=? P=0 s b

at t = 1.0s

v = 15 km/h
AV KM N-0KM N
At=5s " Z 0k
‘@::E

AV/At=75km/h / 55 B

=15km/h/s=4 . 2m/s2 | e



Instantaneous Acceleration

a = lim,,_,,AV/At (= dv/dt = d°x/dt?)

Slope is average acceleration
during At =1, —t,

Slope is
instantaneous
acceleration




Motion at Constant Acceleration

Acceleration

Acceleration dueto —

—15 kmv/h
=15 ¢

(After 1.00 s)

i I____yz()
y1=490m
atr=1.0s
v = 15 km/h
- s>
at t = 2.0s
v = 30 km/h
[ o o

y2=19.6 m
(After 2.00 s)

y3=441m -~ 30
(After 3.00's) £%
311:12:5.05 ;
v=v, = 75km/h

(b) 0 1 2 31+

Let’s talk about the general case



An Example

X = (2.10m/s?)t? + 2.80m o X = X +Vgt+1/2a, t2
Velocity, Acceleration? e Velocity, Acceleration?
v = (4.20m/s?)t V =V, tat

a =4.20m/s? a=a,




Problem Solving Strategies

Read the problem carefully — no numbers

Draw a diagram/picture if necessary

Extract known guantities

Consider background, principles

Apply an equation, that yields additional info
Calculate result — no mistakes here, please

Consider units, size of answer, ... Does it make sense?



Falling Objects

Is a~m?
People first thought so

Galileo answered that
guestion

Air-filled tube Evacuated tube

(a) (b)




The Tower In Pisa

Acceleration due to hocelerstion

gravity

gravity: g=9.80m/s?
On the moon; ~1.6m/s? .m RIS

Falling objects: like
constant acceleration

(After 1.00 s)

\‘
] [ y;=4.90m

y;=44.1m
(After 3.00 s)




Ball thrown upward

-2
5 1 1.5 2 25 '3 3.5 05115225 335
t(s) t(s)

Trick 1: look for symmetry, reverse time
Trick 2: chop complicated problem into smaller ones



Ball thrown upward at cliff

Trick: look for symmetry, even if not so clear
e.g. calculate v at base



