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Chapter 4 - Dynamics - WHY things move

Newton has THREE laws of motion

1st Law
Law of Inertia - An object in CONSTANT

motion remains in CONSTANT motion and an
object at rest remains at rest UNLESS acted
on by an OUTSIDE, NET FORCE

m, Inertia = resistance to change in motion
Outside force = force from another object

Net force = total sum of all outside forces
acting on object
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Fo= F= Fp=
20 Newtons  -20 Newtons 18 Newtons
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Iffrcton i ignored, like in

Net Force = Net Force =
0 Newtons -2 Newtons
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Check Q 1--- 1 Abook is sitting on the table, which statement is true?

How much force is needed to keep a ball throwr A There are no forces acting on the book so it

. . . remains at rest
in space moving after being thrown?
B There is only gravity acting on the book

C The table is keeping the book at rest

/ D There are two forces on the book.

Which will hit the ground first, the book or
the pen?
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BY A SHARP RAZOR. RS
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THE BALL THEN FOLLOW?

o) T Wore B o

1

R W

o b o
I

1 G

g

B

by

n

©:




August 05, 2015

Newton's 2nd Law of Motion--

The acceleration of an object is DIRECTLY
proportional to the net force and INVERSELY
proportional to its Mass

a = Fpe/m =2F/m

or| ZF =ma L w\{s"-
Units? = (\f} avkon=(\/

&) crne + ) combine - ) coorne - @ P (8]
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IN BOTH CASES AN APPLIED
FORCE OF 100 N ACCELERATES
THE 100-N BLOCK.

IN WHICH CASE 1S THE
ACCELERATION GREATER ?

Newton's 3rd Law of Motion -
For every action there is an equal
and opposite reaction'\

Action Reaction Pairs pais!

1) Come in pairs
2) NEVER cancel
3) Act on different object

( IF A MACK TRUCK AND A
VOLKSWAGEN HAVE A HEAD-ON
COLLISION, WHICH VEHICLE
WILL EXPERIENCE THE GREATER
IMPACT FORCE?

T OMENT,, =
B

Q) THE MACK TRUCK

b) THE VOLKSWAGEN

C) BOTH THE SAME

d) ...IT DEPENDS ON OTHER FACTORS
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Identify the reaction

ion pairs of forces in
. \
these pictures -

g v D

Pushing at constant
velocity

Types of Forces
1) Gravity - Fq = mass * acceleration of gravity
*** Fg = Fw (weight) = mg

&
v,

*** Always downwards
*** Mass is the SAME everywhere

*** Weight changes because gravity changes

Newton's Law of Gravity (NOT a law of

mOtion) U"\'\\/u 5(\ G‘mu\'\A '\o\qql € Q

Fo=Gmm, | G= (.67 XI5 "NVl
r2 = 2oy Eath

. (e (el- L-:“u?ﬂ\ ceades
Nickname: Green m&m's are square

Inverse square law...as r increases F
decreases by INVERSE SQUARE

R F
x2 X My
x4 ¥ e
x1/2 Y
x 1/3 v 9

b o<~\(;

Distance (m)

2) Normal Force = Fy =®

*** Alway perpendicular to surface
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3) Frictional Force = F¢= gr Two types of friction
*** Always opposes motion Sy 1) Static...
View” . .
*** Always parallel to surface **starting to move or not moving
...where u = coefficient of friction = *if NOT moving:(i;< HsN
"stickiness of surface---independent of * if JUST starting §= uN
weight S
. _ 2) Kinetic

ﬁepends on weight...more weight same p » _
more friction must be moving

** fl= pN (can't be more or less)

<
** fy < fs...harder to start then to continue

Free bOdy diagrams (FBD) of ObjeCtS: 6 How does the mass of an object on an incline affect the
Horizontal Surface Inclined Surface acceleration of the object?
N = F,cos®@
f=puN A directly...higher mass = higher acceleration
Fg=mg B inversely...higher mass = lower acceleration
f = pmgcos6

C no affect
Fa. = Fgsin®@ = mgsin®

Fnet = Fa -f




August 05, 2015

Fret = Fa-f = ma

mgsin® - ymgcoss = Ma

4) Air Resistance - R \
***Always opposes motion

*** Causes Terminal velocity -

***note the m's cancel!***
= ( M)'\ Vv
if JUST starting down ramp, a = 0 so...
mgsin® = pmgcose tanb = s
YRy e P e pe—

4 ik &) R O®ox il ] inne

THE GREATER FORCE
OF AIR RESISTANCE---
A FALLING ELEPHANT

B
lld
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OR A FALLING FEA'I'HF_R?i
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5) Tension - T

*kk

represents Tension in rope or string NOT
applied force

o
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200 N Wh_at would the 200 N

spring balance
read?

a)ON
b) 400 N
) 200 N

Tug of War---

= ‘*( < Q\ s ﬁ.
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L e = _—...«._.;,

©BNP Oesign Studio -
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Equilibrium problems a=0 Fnet=0 — The .5 kg cart in the
- drawing is moving at a
1) Draw a FBD constant velocity while a
2) Set all the up forces = to all the down forces \?\(l)hg t”_‘asi pulls it down.
atis u?
3) Set all the left forces = to all the right forces
4) Solve
4 T-
Non equilibrium problems - a # 0 ——q The 500 g cartsis (D ZF=T=ma
g Y e e () 5 Frmy-
1) Draw your FBD N isO fri i 3 Moa

s T isqNO frictiom what is the
18 fi L Tension n the string and
i = i what is the acceleration of
2) Write your 3 F = ma. Remember a is the D sy W“ SL()‘).V\ _ \k}

SAME for all objects tied together SL. }]1 E: =2

3) Solve the equations (usually by adding) =M & N Mm‘::m
,_1]__/

**Watch your signs...draw in picture + or -** T~ N N M My g = m ot o

KIS V“J (Mltw\Q R
E R
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— The 500 g carts is
1 accelerating at 2 m/s?
when 200 g is added to the
hangar. What is the friction
on the table?

"oee A 300N box sits on a 30 degree
incline with friction. What is the
acceleration of the box if y = .4?

- ZF rs..@ ?'_ MO~ I"\”ZOLI'
G = 200N, &7 30) p

I Ne Fﬁ 7‘\7( V__ }T . s -¥ Mon
g D85 Sy S
gz M A/ (o3

Mg (’%czwm 3023 0w
\_‘Jﬂf___ (Ro0M §in3? - I

O~ o - 10 l()

What is the acceleration of the
system?

' CD 2F= “.i—T: M, A
T - @é]:f T—W“ijm'la\

(\/ - A?‘)nrcv\‘\'
\_ What forces are on the
T ¢ ﬁj‘,{%‘% man?

U5y e weignl
Fp =¥
7 9

Note Scale weight = apparent weight =N
Fg NEVER changes = ffucwei 1 hy




A
\@EW If elevator is accelerating
s LI, upwards, what happens to
your apparent weight?
B N=Fezmo yu Toed
=P vt

OFFENSE

¢ es  If it accelerates downwards?
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APPLE ~1

X=scae
THE ELEVATOR PROBLEM

ELEYATOR|
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o[ OFFENSE

ARBLE = & | NTENDED)

If it moves at constant
velocity? [\~ Fj’c

-scate
THE ELEVATOR PROBLEM

o , = fafme
c s If it free faIIs?N Té\'
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If my = 10 kg and m, = 40
kg and the angle is 20
degrees. Whatis the T in
the string and what is the
acceleration of the system if
there is no friction?

If mi = 10 kg and m; = 40 T
kg and the angle is 20

degrees. What is the T in

the string and what is the

acceleration of the system if

u=.2? L%
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