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Speed

Speeo\ desceibes  how ‘1,““"‘"1 an objects
position changes.

The vector of Speed is  velocily.

Its  Scientific wnits ace...
per Second

Y5 or me™
We can describe Speecl with the qua\ion...

Speeo\ (ms) S ~1{ime (s

EXamp|23 How \ong does it take for a car

Moving at 10ms™ do 4cavel 25m?
V= T
t=F=75=125s
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Acceleration

Acceleration describes how q'uicqu an

objects

Speed changes.

lts Scientific wnils ace...

per Second, per Second.

w% or m S.z

We o\esccibe acceleration  Wwith H\e %ua\ion...

V< Speed (ms*)

AS =

Acceleration (ms?)  ~ S—time (s

When an object accelerates against its velocily
We Say it decelerates.

Emmgle:

A cac accelerates From st at Sms?

for 7 Seconds.
Calculate its new Speed.

=t
V=at=Sms?x 7s=35ms"
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Scalars and Vectors

Vectors ace quantilies with size and direction.
Scalars only have Size.

Scalacs Vectors

Pressure 5| .
% : / DaSPlaceMm*
Q\'l'cm\pcm’f«u'c ” o

/) Time *Acce\em’ﬁon

mMass Force

<€

o
; ey N'ﬁque
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Equafing Vectors

Similar fo scalars, vectors Corm equalions.
To do this we can use these &ec\mi«lues...

Ciccles are zeroes
Vectors forming Closed paths equal zero.

a+h4£w\=0 a+b+@=0 a-\-ij,.&Jzo

Equ’s\la\cnf Pa\\\s
Vectors or Sets of vectors thal Stacd and finish in
the same place are equal.

a+b=¢ arb=c+d arbrc=d
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J_—Ligg_mg’f_rg refresher

h Ypoteause

o?yos'\%e

ad'&qcu\\'
* P\fH\aalOraS
k:m
h=o0'+a’ 0=A/W-o
d:l’/\\T—?
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iec_‘}o_;(-qmy_me_mt_s_

I} is ofien useful Yo Separole a vector
ifo horizontal and Verlical Components.

Know'mc' Yhe ‘|‘o‘|‘a| Magni‘ma\e and the amq\e
We Can use SohCawToa.

v
V\Iuhwl
o
€ vHoﬁun\a\ _— >
VHor'-un\n\ =VCOSG VVu’riwl =V$ine
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Momentum

Momentum is a measurement of motion
thal takes into account both mass and velocity.

H hos units of Rams™.

P =M V*‘Ve\oci\\i (ms™)
&~ as

Momenh(,(hgms‘) Mass (kg)

A bee and o Car might ravel ot the

Same Velocily , but  have very different

momenh«\s duc }o “\eir ConsSiderable

mass difference.

\
P
l .7

\
L
/7

7
7
7

P = 0.001kg x 10m$™=0.01kyms’

A

P = 2000 kg x I0mS =20 ooohsms‘
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lmpulse

The longer a collision takes, the smaller
the force.

We call this Concept impulse.

APr Momen*um change (hgms")

A{(/Dumhon (s)

Force ( N)/_*F=

Large force

Same Momentum chamgc

Smoall force

Some Mmomentum chamge
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Conservation of momentum

The total Mmomentum of a set of objeds will
only change if an external force acts upon them.

This is called Conservalion of mMmomentum.

o 0 06

20 +-30 =-10 -25+1S=-10

N ()
l{}l :%;j

Billiard balls experience agavily A ball in flight experiences an
and Support force. Though they Unbalanced external force due
are external, they are balanced. to gravily. Consequently tomentum
The et external force is therefore iS not Conserved.

Zeto and Momentum is conserved.
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What is an external force?

Consider a (alling apple..

Py

As il falls its Momenlum increases.wWe
Could Say “\9\ momentum isa’t Conserved
because gravily is an external force.

An external force is o force applied by
an object whose momentum we've ignored
Often because il’s impractical or impdssible
fo measure.

In the case of the apple, we've ignored the
equal and opposile Momentum_the ‘apples
gravity has impacled 4o the Earth!

Momentum appears 1o not be conserved

Only when parl of o System is ignored. - Whibley




2D momentum example

Determine the Speed of Ball B after the

collision.

M=0.170kq Before
V=180ms"

2 A
M=0.120R,
V=0ms"

Determine tfotal initial momentum.
Pkt =M Vi = 0.170kq X 1.80ms" =0.306 kgms"

Determine final Ball A momentum.
P =00V = 0.170kq X 1.10ms" 20.187 kgms”

Determine final BallB momentum.
Ao PR=40306-0187""

o =0.242 Rqms
0.306k<'~\s“

Determine final Ball B velocily.

Vs R _ 01'12‘!3«\5"
T T O.\?.OM

= 2.02ms"
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Centre of mass

Centre of mass describes the average position
of a set of objects, weighted by their Mmasses.

Tuo o\):)cds on a pivo& will balance at their
Cendre of mass.

The mass of Jupiler is
Mmuch \axgzv than eaclns.
The centre of mass is
therefore Mmuch closer.

Centre of mass

Distance to Cenlre Distance 1 (m) Distance 2 (m)
of Mass (m)\
Yoo = ™M X+ M2 X
om /Ml + MZ\

Mass 1 (Rg)  Mass 2 (kg)
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Centre of mass 2D

Fincl'mg the centre of mass of objects in
20 IS AO(\Q b\’ (iﬂdiﬂs Wwon ond gcon.

XCOM - M\X‘ + MZXQ.

W\ + W2

MY 4+ MYy
M+ M2

Scon -
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Centre of Mass Collisions

Provided theve is no vesultant external
force, the motion of the centre of mass
Will not change.

Mr Whibley




Conservation of eneray

Enerqy is never created or destroyed,
only Prons?erred into different foms

This idea is Called Consevrvation of energy.

77 heat
10T Electrical —

27 Air resistance
33T Kinetic energy

— =V

00T Chemical
907 heat
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WorR

When enerqy has been used, we Say
that work “has been performed.

Work is essentially another term for
energy, it has the “same units Joules (7).

When a force is performed over a distance
the work performed is..

fForce (N)

~W=Fd

w__Distance (m)

Work (7)

Mr Whibley




Power

Power is the vale of energy Consumplion.

H is measured in Toules per Second, Which
are Commonly called Watts (W).

E (_/Energg ()

Power (W)/P = E‘/ fime

A 25w Stereo consumes
15T per second. —_
P 259

A 10w fan consumes 10T
per Second.
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Force

A force is an influence that acts to
accelerate objects.

f is measured in Newlons (N).

Newton's |* law
An object wil only change its motion
(ve\oci\q) it a force acts upon it.

Newton’s 2" law
When a force acts upon an object it
will accelerate propostional to its mass.

Force (N)’ﬂrz W ar Acceleration (ms2)

Mass (kg)/

Newton's 3 law
Forces exist in equal and opposite pairs.
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Circular motion

Ob;‘eds in Circular molion are described
using the following Yerms...

- ..y

"apgm=

Radius (v) half circle width
Diameter (2r) Circle widin
Circumference (2wr) Length of one lap
Revolution Complete lap

Period (T) Seconds per revolution

Frequency (F) Revolutions per Second

2wy
f= 7:.- T= —:- N==F
Ve\oci’:s
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Centripetal acceleration

As an objed chamgcs direction ils
Velocity changes (even~if the size of the
vc\ocih' does nol\')

This is called cenicipetal acceleraltion.

A force or combinalion of forces providing
%en\ripda\ acceleration are called Centripetal
orces.

Centripetal acceleration
points Yo the Centre.

Ve\oci\ro' points tangential
(90° 4o ‘acceleralion).

Mass (kg) { :““"’“1 (ms™)

myv
E -« ma‘ = fVRquus ()
Centripetal Force (N) Cenkripetal acceleration (ms™)
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Banked corner

-ﬁ\e Centripetal force is p(ovidcd by the  unbalanced
horizontal force. In this case i# is the horizontal
Component of the reaclion force Fr Sin®.

\

N
FR 0 -IT'IE reaction force is
Perpendku\ar o the

R CosO
/ Surface.
F

Eqal  —

\ | F=F%in0

Vv
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Newton's law of gravily
m e <©®

All objcds with mass attract cach other.

Two Masses M and M2, o distance r
apad. Wwill attract each other with a force..

Mass 1 (k) /Mass 2 (rg)

Geavitalional force (W)
MM

r
Universal gravitalional '
Constant (6.61x\6"um’h9") SCPQ(ahon ()

Mr Whibley




Orbital motion

Ocrbital ™otion is circular Mmotion Where
the Cenkipch\ force is p(ovidcd bq the
gmvi*ahonal force.

——— -
—— -
—_— -
== Sea
-~

-
-
S~ —_——
— -
e —— - - - =

Velocity (Ms') Ly = 46 r’«‘—\t\:j’: Z’:ﬁ‘;‘“‘“‘““ﬁ

" .
Universal 3mv\¥ahona\/ Sepacalion (m)
Constant (6.6‘7“0—"Nm”h§1)
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Vertical Circular motio

F=F,

A \)uckel' iS Swumg n
a Vertical circle ot the VYV

Minimum Veloci\\| vequired.

; Frt—e
The centripetal force is Foar F
provided by the Tension 3
and/or gravity force at .
different times.
3
k=F-F

s @ =& W

Bottom Risim‘ Top R“im‘
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Measw‘mg angle

Ang\e can be measured in either degrees (%)
or Yadians (rad).

lwd = 57.3°

We May alSO  express an angle as a
multiple of pi ().

2w = 1 revolution = 360°

VG,
> &
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Translational vs Rotational

Pure translational Motion occurs Wwhen the
force po’m&s ﬂ\roug\\ the ceatre of mass.

Pure votational Motion Occurs When the
net force is Zero but the nel torque is nok.

Forces are equal
and opposite.

Otherwise o mix of translalional and
fotalional Motion Will Occus.
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Rotational motion

<) Aogu\ar Jisg!acemenf
Change in ang\e.

Measured in adians (rad).

W Angular vo.\ocih’
Rale of O change.
Measured in radians per Second (rads).

A

W= At(./Du\'ahon ()

ok Angular acceleration
Rale of O change.

Measured in radians per Second, per
second (rads’).

-A—w
o s At(/Dumhon(s)
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Equaiions of rotation

As with translational Motion We can wuse
Rinemalic eaquations fo describe rolational

motion Wilh Constant anqular acceleralion.

Initial angu\ar ve\ocil\' Angular displacement

W Time o
Final angular velocity t Anqular acceleration
W+ ot

W = W +oatt (missing 9)
0= wit+ %c:d:2 (Missing c>)
W= w+2a6 (Missing t)

0= %t (Missing ot)

Mr Whibley




Torque

A (orce is an influence thal acts to accelerale
an object.

A torque is an influence thal acts to anqularly
accelerate an object.

# has units of Newton metres (Nm).

—d—>

Force (N)\

F Torque (Nm)  Distance from
T ' Pi|Vo? () ’

A force on a Mass causes accelecalion

described by F=ma.

A torque on a rotalional inerlia causes
rolalional accelecation described by...

T I = Angu\qr acceleration (rad s7%)

Tor que (Nm) \ RoYational inertia (Rqm")
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Rotational inertia

Mass is resistance Yo acceleration.

Rotational inertia is resistance to anqular
acceleration.

Rotalional inertia has units of kgm’.

Solid
(glinder

Mr Whibley




Rotational Rinetic energy

The Rinetic energy of a rotating object
is described by..

Rotational ireriia (Rgm")
] 2
EK(ROT) = T I w

S—Anaular Velocih

(vads™)
Rotational Rinetic
energy ()

The ‘|'o‘|'a| Rinetic energ\j of an objed' 1%
the sum of the linecar "and rotalional
Rinetic energ\es.

Ek(m) = Ex(um + Ex(aor)

Total Rinetic energy (T) Linear Rinetic energy (T) Rotational Rinetic energy (T)

[=] s
A Fr s

(Buldl block vid) Mr Whibley




Angu'ar momentum

Lincar Momnentum  desceibes  he

amount oF  Linear molion on obect
has, }ahan3 into  accoun! its  mass (lineor

ineclia).

/ Mass (\13)

Mgg;}.(r\:\%;? — =mM v&_,VG\OC\"\" (ns)

Anaular tomentum  does +his g
Yotalional Conlext..

Rotational inestia
(kqm )

Ar\ uar,_ﬂ
W\omen\um L I g Y iﬁmﬁu ac Velocily
(kams ) V‘ !

ks} .

\Je Con (elaYe onouwlac Mmomeniunen
lineac Momentumy  With  eadn Other..

v -
Acagl uar {M““ (k‘l) L/J “\
N\omu\*um L mvr , S\

(ksms
\eloci \\1 (ms)/ RGA e (m)

ond
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Angular momentum
Conservation

As with linear momentum. angular momentum
is always Conserved (provided there are no
external torques).

Consider a main sequence Stor Collapsing
fo form a neutron Star.

)

o

~ | rolation every 30 days ~ 700 rotation every Second

Angular momentum is conserved

\ Angu\a( Ve\oci’:\'
L - I e L -(‘I “ increases
Rolational inerkia
decceases

Mr Whibley




Simple harmonic motion

Bl’ definition Sgsiem in Simple harmonic
Motion...

-Accelera&ion fowards eQuiliBrium.

o Accelerates Propor*ional o its displacement.

a

Et‘uili brium

A Amplitude is
the maximum

Vv displacement
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The Simple pena\ulgm

Per iod (5) Lef\q i (m)

v
T= 21\"/—%/

7

Gicovitakional acceleration (ms?)

-W\\s qua\ion 0s55umes Jhe Smo\\ ama\e
awtox\mahoﬂ. T\r\'\s \'eq,u'\res '“'\OA ‘“\z
amca\e Musy be Small,

Thc. %\m\'\on S?ec'\ﬁu«\v assumesS -"\a-lr...
Sinex O

This is or\\\' (eaSonable A
when  dhe angle s
Swall.

At 10’ the eccor exceeds
1% and Stacks Yo afect 9
Values expressed Yo 2sF, which is Standacd ol
NCEA Level 3.

Sin®
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Mass on a spring

A MasSS on a  Spfi
d'\sv\aud QoN\ qu'\\'\\oﬁum
will  oscillate  with & peciod
described  by...

Mass (kq)

, m<"
Peciod (9) A T = 2‘“’ R /Glif?ness (Now)

X Sp(mqs 0 Series
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SHM Equaﬂons

A $~1$+¢N\ n Simp\z hacmonic choVion (hows
a SinuSoida) re\ahonship.

Note Jfka‘ 9 = t.

3 Bes'ms ok y=0 3 Bcs‘ms ot \1‘-'A

Amphhude. ()
Displacement (=) 4

- . Displacement ()
\*w‘\f Wty Y= Aeosiot
}‘le\oc'\\q (ms™) }lle\oc'\\\q (ms™)
v = A coscot v=-Awsinwt
Acce\ecoion (ms) Acce\ecokion (ms?)
’ == szsmwt “(a == AwQCoswt

Note that Ve =h and  Ou =/’
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SHM and Circular motion

Unkil now weve Cepcesented  SHM  as
a displacement=tine  araph |however, we
Can o\so represeny SWM oS an ano\og
of Citwalac ™Motion Colled ‘;\'\qsors.

\1
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Energy of SHM

_W\e enef
exc\nansec\

Y of a System in SUM  is
belween Rinelic and Po%en\'\a\.

okl energy

T\ne above example assumes Jho! the
4otal enerqy emains Constant.

o man
grao\ua\\\,

4

DisP\acemeﬂ3r

Systems however, energy is

lost. We cal  his o\amv'mg.
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RCSO(\GC\CQ

Adcling enerqy to an Oscillating System

iS Called dﬁv‘mg.

Even' DSci\\ahng qu\m\ has a nalural

Frcquenq.

lnpu\s of enerqgy ot this
requency will Construciwvel
interfere’ with the existin

enerqy of the System.

|¢\pu¥s of energy above or
below +this frequency will

destructively inlerfere with the
existing energy of the System.

Too |ai'e Too Soon

(<

Pus\n‘mg o Pushing against

A

A

Just right

£J

Pus\ning with

Mr Whibley




