
Chapter 4A Newtons Laws

Newton's Contributions: Calculus: the mathematic
of change

? Optics: prisms showed that
light is made upof colors

? Forces and Accla

? Law i t  Gravity
8 3 Laws

objects moving in a straight like remanso
un less acted up by a force.

2 1  T h e  a c c l a  o f  a m o b j e c t  i s  p r o p o r t i o n a l

to  the  fa re  app l i ed  and  invese ly  p rop r in t
-  t o  i t s  mass .

Ax f  cons tan t  o f  p ropor t i ona l i t y .

?  a  =  C ? F Fa
?  a x i n

F=ma
m

I  the lat ter  form te l ls  us that  the constant
of proportionality is mass: "inertia"

It cargo ship has more thirtin than a yacht
meaniny its harder do stop. Or like a rail car
vs .  an  an tomob i l  on a Cesna VS. 747

mass ox the number f atoms



EJ Aobject experineing a force on it O
will react to that force in an equal and
opposite direction

Flean ? Fwall
Fpush = 30164 logita 3015spushes on me

T I T I

4 "The force of one object under the
in florence f another is goverened by

F = G M. Ma Force of Gravity
Dir

Fa product of the masses
fir. a to the seperatin squared

§ th is  law came in to  e f fec t  a f te r  Newton
devised Law #s but asted "why the planet
t o  n o t  t r a v e l  i t  a  s t r a i g h t  l i n e " s

?  .



EX M=30/29

F=10 Newtons

? a =F/m - 130g = 0.33%:

E X

U S :

? units: kg = kilogram = 1000 gm

1 gm = 1cm' of Hal
sugar cube

Sone large apple is abont 1187
mass of 1 liter of water

your "weight abont 70 kg. How many Newton'

i s  tha t? caccla due to gravity: 9.84/52

F = m g

your weight
15.4 ebs

y o u r  m a r s

UK: 70kg

=(70 kg 19.5m/5*)

=686N
?  C o n v o t  t o  l u s : 0 . 2 2 5 l b s  =  I N

1 8 5 5 = 4 . 4 4 8 2 2  N

686AK
? 1l6
4 . 4 5 1

= 1 5 4 l b s



E In the USCS System mass is
measured by "slugs"

11 sly = 14.59 kg

Q: How many slugs is my mars?

F = mg 7 = 9.8m/ = 32/2

m = F/g
185lbs
32 ft/s2

m = 5.78 slugs

? On the moon 9.8m/s=6 =1.6 "/s", 324i-=5.33

Q: How much does the bathroom scale read
when I step on it

F = mg
=(5.7851gs) (5.33115)

F= 30.8 1bs]us 185lks on
Earth.



Inertial Reference Frame

In any laboratory whee F= ma we cal l  such an
h e  t a l  f r a m e

But  i f  the Lab is  on a rocket  that  is  ace l  in

t h e n  F  I m a  s e e n  f r o m  w i t h h  ( n o t  K n o w i n g

y o n  a r e  a c i l n )
EX acc'en camera constant speed

GO
à

t i m e

pastes

Tab le
Top vier from Outside

? = 0

o u t s i d e

E X
t a b l e

V = 25 m/r

Ins ide

w e  s e e  a
curved

Lihe
we see t

s t r a i g h t  l i n e

i matry go-reend
Violates Newton 1st

cam

so th is  is  a
non-inertial Frame

E X

?  T h e  e a r t h i s  a

actualpath due b earth'srotate
non-chert ial  reference

f r a m e

Equate ? Howere for most practical

Singapore eperiments we assume
a inertial frame.

Corialis Force = Fictition fore



A car of mass 1500kg is decellerathy O

from 100km/hr to Okm/hr. over a 55m distan.
Q: what is the direction and magnitude of the

Braking fares
(1) Diagran: ? V. = 100 km/hr vs= Okm/hr

m=1500kg

55m

C a r

e  w a n t need
F = m a

' = V o2 + 2 a 1 x
uses no time

(ii) Freebody diagram: Fo=

(iü) Lawsor Equations :

a :  V t i o
Vo= lookm/hr
d = 5 5 m
a = need

(ir) math a  =  V 7 - V o
2 1 x

a  = 02-100k/36005110m
2?55m

a = - 7 . 0 1 m / 5
decallerating

F=ma
=(1500kg(-7.014/s)

F=10,520 N acting in the apposite direction



o  v e r t i c a l  f o r e  i f  g r a v i t y

F a  = m g  t o w a r d s  t h e  c o n t o  o f
t h e  e a r t h Of Fearth

I every molecule is gravitationaly
attracted to every, the molecule.

But symmery cancels int side-way
compondats- only donwar fore

? Elevator survives.

on Feler. ^ (+)

1 a 7 0 > 0

o The normal fords theis the force an object
feds from the surface it  sits upon

elevator

F
G

? Insert a bathroom scale between your

feet  for  your bot tom i t  seated) the
read o u t s  t h a t  n o r m a l  f o r e

elevator

_read out = Normel

Force .



(8
E X i A  b o x  s i t s  o n  a  t a b l e

Newtons
Law

- mass of box

?sum of forces on the box

( a )  A t r e s t  w h a t  i s  t h e  n o r m a l  f o r c e ?
? FA

(1)
Diagram

( ic )
Free body

( + )
F

(i) Equations of motion

E i F = M a

Fa+ FN = Ma
(ir) Solve F y = - F a

=-(10kg 9.81459)

F.N
= - 9 8 N

let m = 10 kg

ther -(+)

b  P u s h  d o w n o n

I F  =  m a

a p p o s i t e  o f  d o w n
Wa

the Box with 40 N, what, Fa

Fv=1381

(t) Fpush Fr = Fpusht F

=40N+ 98N



C)

Fpull = 20N

(+) (i) diagram ( i )

(9

E F =  M a

Fg - Fp - Fu = (10kg) (Om/s)

EN-Fg-Fruee

(ill) Egus Full F

(in) Solve the egn.

FN =Mg -ZON
= (10kg)(9.8) - 20N
=- 78N or 78N upward vs 98N

w/s pult

(d)Pull up w/ 100 N :

2 F = M a
Fg.- Fp-Fr= Ma since Fpull = 100N> 98N

? Box starts to l i f t  af
(e) Find the accen since Ev=0 once thebux

starts to lift off the table

Fg- Fpull -I~=a ? a = - 2 N -
[N]: kegm/32.

10 kg

9 8 1 1 - 1 0 0 N

(0kg)

a = - 0 . 2 / 5 °
= a upwards

C/s = 0.21/s, @25=0.4=1,033=0.65



EX Elevator
A 65 kg woman descends in an Elevater. When the
elevater starts do move down it's accla is

0.2g down wards f then soon the elevator acheives

A constant velocity and so a=o)
(al What is her apparent weight loss?

TEN

(+)
a =0.2g
= 02)9-84/32

=1.96m/5

(i) dingran

( i c )  e n s

E F  =  m a

Fo- Fr = ma

- Fa= ma-Fa
EN = Fa-ma

(r) Fy = mig-má

651g 9-8-45 1-(65kg) (176452)

= 6 3 7 N -127.401
apparent- "weight"

=  5 0 9 . 6 1 ?  m =509.6N

she has "lost' 13 kg ofweishit" 9.81/3*
52kg



(6) once up to speed what does the
bathroom scale say?

Fa= ing-nd°

FN = 637M, her actual weight

6) When slowing dows her deceleratin,

0.2g upwand.

Fu =ung-ma
=(651(98) -654-0.29)

=637*+127.40
=764.41

scale: m. J: 164.4N = 78k0

- - .


