KINEMATICS

Chapter 2






How fast Is the imperial cruiser traveling?

[t takes about 20s for the imperial cruiser to enter the screen.

You can find online that the length of the cruiseris [600m.

S0 the speed of the cruiser is 1600m/20s = 80m/s.

30m/s x [km/1000m x 3600s/Ihr = 288 km/hr

| /9 mph



ISPEACEMIENNE

Kinematics is the study of motion. o start we will only consider motion in one

dimension. Soon we will add a second dimension.

In one dimension we can describe the posit

jon of our ob

an object starts inrtially at some point xp anc

displacement Ax is given by

ends up fina

N D e

ect on some coordinate x, If
ly at xr, we say the

We will use the A symbol to denote a change in some quantity. Displacement has a

direction as well as a magnitude. +2m s usually to the right while -2m is to the left.
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VELOEHT

* [he velocity of an object Is its displacement divided by the time 1t takes to move from one

point to the other. If we measure the time at each location this will be a change In time,

At:tf—t()

* [he average velocity Is therefore
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* If At is very small we call this the instantaneous velocity. Formally it has to be infinitely small,
but that Is calculus.Very small 1s usually the same.



EOORDINATE SYS TR

 \WWhen we talk about displacement and time we will have to make a choice

about where 0 1s and for displacement which way the x Is pointing.

« Often there are obvious choices, but sometimes people will make different

choices. |his Is okay, as long as one stays consistent your answer will be the
same no matter what you choose.

* However, the numbers people use before their final answer can be different.

T you are comparing with someone who has different numbers check where

you assumed to be x=0 and t=0, and the direction of x, these are your
coordinate system.
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What's different about the motion in this clip than the first one!?



The car goes from 30 to 65 in about | second.

Likely 1t 1s a European car so we can assume the speedometer Is In kilometers per hour.

S0 thats a change In velocity of 35 km/hr or

eoramnE < re00mikm X inr s 6 0CsE=" ST 0im &
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OO R ERATHCE

* | he rate at which velocity changes Is called acceleration.

XU e
At ty—to
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» Note that the times refer to when you measure the instantaneous velocities.

The times used to measure those velocities should be very close together.

» Like velocity, there Is average and instantaneous acceleration. Ideally for

instantaneous acceleration At is infinitely small.



s Vabdlgiaac

» A racehorse coming out of the gate accelerates from rest to a velocity of 5.0
m/s due west In 1.80 s.What Is Its average acceleration?

0
Ve g

» FIrst we have to decide where are coordinate go. Usually we draw x to the right
and west to the left, so this would be In the negative x direction. VWe can take
the start of the race as t=0. Then
o Av vy — g Ui D i 8

vi=-150m/s aq = = — — —8.33m/s?
=" 8¢ At ff S t() 1.8s /




opposlite

always reduces speed. Negative acceleration,
Ive direction In the chosen

tlece eral

Deceleration always refers to accelera

to the direction of the velocity. Dece

ion In the nega

Eoordina

fisure,

e system. Negative acceleration may or
be deceleration, and deceleration may or may not
considered negative acceleration. For example, consider the

a) acceleration, positive direction

b) deceleration, negative direction

c) deceleration, positive direction

d) acceleration, negative direction

on 1IN the di
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NOWEVEY, IS

rection

L1ON

mMay Not

be

https://phet.colorado.edu/en/simulations/moving-man

(a)

(b)

(c)

(d)



https://phet.colorado.edu/en/simulations/moving-man

EOINS TAN T ACCELERATICHES

* Why In principle we can also calculate the rate of change of
acceleration and the rate of change of that, we usually stop with
acceleration.

»+ One reason for that Is because In many situations acceleration Is
constant, so Its rate of change Is zero. In these cases we write down
equations of motion for our object.



EOINS TAN T ACCELERATICHES

B ces|eralion: s comstdniEn=g

Av
s e cosmphies v NS G
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if we simplify by starting time at O so At =t we have

v(t) = vg + at
N addition for constant acceleration we know

v(t) + v
2
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EONS TAN T ACCELERATICTS

Ikewise from our definition of velocity we know

. S Ay 2 3
average velocity ey r(t) — xg = vt — x(t) = x¢ + Ut

we can rewrite the average velocity as

t 1
o Lat

so the position can be written as

1
x(t) = xg + vot zatQ




EONS TAN T ACCELERATICTS

We get 4 formula

1
z(t) = xg + vot zatQ

v(t) = vg + at

replacing t and some algebra gives




s VaRdlgiae o

* An airplane lands with an initial velocity of /0.0 m/s and then
decelerates at .50 m/s2 for 40.0 s. What is its final velocity!

vo = /0.0 m/s

o =S U
=400

v =g + at =70.0m/s+ (—1.50m/s”)(40s) '




syl it

» Dragsters can achieve average accelerations of 26.0 m/s4. Suppose
such a dragster accelerates from rest at this rate for 5.56 s. How far

does It travel in this time! :
a =260 m/s? T = To + Vol 2@t2

t = 5.56s 1
ey P 5“2 — 0.5(26.0m/s)(5.56s)"




EuxIriE 2

» (alculate the Tinal velocity of the dragster in Example 2.10 without

using Information about time.
PRt et = e
a = 26.0 m/s?
x = 402m V= \/QCL(QE — Tg) = V/2(26.0m/s2)(402m) =

NVi=d




S VING PROBLENIS

» Draw a Picture

» List what you are given.

» Determine what you are supposed to find.

» [hink about the physics that describe the situation
» Find any relevant equations.

» Solve for your unknown.

» Plug In the numbers.

e Estimate the answer and check the units.



PIACE L

» One of the most common examples of constant acceleration is free fall.

» Galileo discovered this with his famous experiment dropping two different mass
objects from a height.

* He observed they reached the ground at the same time, thus they must be
accelerating at the same rate.

»+ On the surface of the Earth this constant Is given the symbol ¢ and Is equal to
9.81 m/s?







P IPLE

» A person standing on the edge of a high cliff throws a rock straight

U

the cliff as 1t falls back to earth. Calculate the

b with an initial velocity of 3.0 m/s. The rock misses the edge of

bosItion and velocity of

the rock 1.00 s, 2.00 s,and 3.00 s after it Is thrown, neglecting the

effects of air resistance.

%
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il v =13.0 m/s ¢a=—9.8 52
vo = 3.0 m/s Y = Yo + Vol - zat
S 1
2= -g=98l m/s y = vot 29t2 v = vy + at = vy — gt
t=123s v(1s) = 13.0m/s — (9.8m/s5%)(1s) = 3.20m/s

y(1s) = (13.0m/s)(1s) — 0.5(9.8m/s°)(1s)* = 8.10m
y(2s) = 6.40m y(3s) = —5.10m

v(2s) = —6.60m/s v(3s) = —16.40m/s
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HOME WORK

. Chap2-7,9,16,18,25,31,46,47



