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Newton's Laws & Motion

NI : As object of ret on tranding in
miform natio will remain o res

or traveling in mifor nation unless

and Will an externa farce is applied.
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NI : The accelodion of a body is diedly
prapadiana to the net force ading
on it , in the direction of the

apdied farce
,
and inversely proportion

to the mass f the objec
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Andysis with Newton's Laws

Solving problems with multiple farces/objets

1
.
Draw a simplified version of objec
Need 1 free-body Diagram (FBD)
for each objec.

2
. St

up coordinge system

3 . Idetify all forces an objec

D. Not induce faces exec

BY objec on other objects

4. Draw vetor arrows represting all
forces an objec

5
.
Find companies f forces, sum

to find resultat

6 . Apply NI = Dennine maren



Example
Two forces

,
SON and 100 ading & a

angle
& 600 with each other

, pull an objec

who single farce (the resultat
would

replace the two forces ?
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Example
A car whose weight is 3000

Ibs is

on a rarp which makes an angle 20

to the hazal

was who is the mass f the car in by ?

13) How large a perpendicular face

mus the ramp withsuch if it

is io to break under the cas weight ?

Solion

(C) Weight W= my
Now
,
1 165 = 4.45 N

=W = 3000 Ibs

= 300016. /4)
= 13350 N

= 1. 34 x 10 " N



Now
, m = w

I
1N = 14g-

=1 .34x10"
-
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So
, WI = LocosO

= 3000 Ibs Cos (20
%

)

= 2819 Ibs

W1 = 2819 13



Example
Wha is the id face (inventors) requirach

to Stap a 1500 my can moving with a

speed of 55 mph within a
deface o

200 + (61m) ?

Solvion

Wo ~ = 0

-> Brake
-

L 1X > + X

-
-

Ward = ma who is a ?
/

Recall e= vo + 2 a X

2

B0
,
v = 0 = a = - wo

-

23x

Non
,

w =

55r .): ) (is)
=24. 6 Mrs



So
, a =

-
Wo

L

-

21X

I - r .)

2(6) - )

= - 4 . 96 Mrs

therefore
,
force is

F =

ma

= (1500)(-4 . 96 --5)

= - 7440N

Face is regaine, why
? Face

goes againdvaio , which
is +x

in

our
Coordinche system .

F = - 74400
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- w . a
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a =ca
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-

X
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w- + 2a1x ⑭



Example

A french has given you a special gift,
a box of mass

10 . 0 my
with a mysry

surprise inside .

The box is resting an

a smoth (fridioless) Gavizada surface

f a table ·

(a) Deervine the weight of the box and

the normal face exacted on it by
the table

.

(b) Now you
frind pushes down a

the box with a face of 40 .0N .

Danie the earms force excel

on the box by the table ·

C) If you friend puts upwad a

the box with a farce & 40 .0 N
,

whit now is the normal fance

exated a the box by the table ?



(d) whe world happen if a person

pulls upward on the box with a face

= 100 .0 N ?

Soldie

(a) W= eg
= (10. 0 ng) 29 .8 wish)

= 98N B

+Y

1 Fr & F =

ma

Fr - w = 0

111(III/ - ~ = W~

e

~W = 98 N ⑳

(b)
& = 40 v

&F = ma

1 Fr
+Y

W Fr -w - = = 0

=> Fr = F + w
111(III/

= 138N
~W



(C) & = 40 v
&F = ma

M
~Fr

+Y fr - w + F = 0

=> Fr = w - f
111(III/

= 58N
~W

(d) if F = /00N
,
> w

-> Box will be lifted

=> Do canad with table !

F = 100N & = = ma

M

M C F -w = ma

+Y
-> a = F -w
-

W
M

111(III/V

-e
=0 .2 M/s ⑬



Example
You are Ending on a

bathroom scale

is an eluar . Suddenly , the elever

cable is co & the safety devices fail ,
so tha the clever is in free fall

.

In your find morets, you look & the

scale and see you weight. Who

word you reach of the bathroom sale?

Solic

Fu [F = ma
+7 M ↓ I

Fr - W = m( -g)
- scale

=> Fr = W - my
VW

Be
, Wing

I Fr = my
-

my
=

0 r



Example
Two kids are pulling a z0hg box on a

friceless horizona floor
,
as shown .

One hich pulls with a farce & 1500

& 300 above horizat
,
while the other

child pulls with a fance 600 &

450 from harzald
. End the huzad

accordin and naa force of the box
.

Fz
= 60w

m
= 20 lg &,60 F

,
= 150 ~

7I &0
,
= 30°

-

Solfion

u ~Fr E Fi
f
,
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Fe fig = f
,
sinch,

OzI
E Fzx

= Fzcosn

Fay = Fr sind
vW= rg



&F = ma

?

x
: F

,
cos&, +fecos= ma

?

y : F , sta , +Es + f - mg = 0

Two equoics, two unhous (a, Ful

- a = Facos
=1500 cos30 + 600 cos45

20 by

= 8 . 6 mis E

=> Fr =

mg- f, sinc ,- sich

= (204) (9 . 8 -(2) - 1500s:270: -
60Ns45°

= 78
.

6 ⑰



Example
Two boxes

,
A ad B

,
are connected by a

lightweight couc and are hanging from the ceiling .

the boxes have masses o MA=12 .0 ug &

M = 10 . 0 my . You pull the lower box (box B)

with a farce o YON . Find the tusion

in the two pieces of rope .

Solution -

2

Free body diagrams
Tur ~T,

↑
+

y
A

I

A B

B

T
, VVwA

~ VWB

F = 40N

2 = = ma

A : Tc-T
,
- WA

= 0 1 WA = WAg

B : T
, -Wp

- f = 0 (2) i Wi
=

MBI

By (21
, T

,
= F+ Wi
=40N + (104) (9 -8-rs)

= 138N



from (1)
,

Tc = T
,
+ WA

=(Na +mis)y + f

-(124 + 10y) (4. 8 -rs) + 40N

* 256N ⑭



Example
After a mishap , a 76 by circus performe dings
to a trapeze , which is being pulled to the

side by mother crans adot
,

as shown .

Cawate the tension in the two ropes

if the person
is monetarily moticonless

.

Solution ~Y
-

- > X

~Lat &
,

= 150
~ ~Ti ↑~-

~ 150 ↑
&
n

= 10 T ↑~ 10 ↑
↑

Resolve T
,
&Tz

~w

xi T = T
,
20

,

Ty =T,
c.&

,

Tz ↳ Tr
x

= Tzcus0z

I 02 - Tzy Tag : Te sinc>

Tz x



[F = mi

x : Tzcos&--T,
Sinc

,
= 0 CY

y
: Tzsh + T, c-20, -W

= 0 (2)

and W : Ag

sinc
,From (I

,
Ta = T

s

Isa
2

from ca
,

t
, a sid

+t
,
cod

, es

=> T
,

= my
Cost,
t Sind

, tmOz

= 736 .
3 N E

Bach to (II

T2 = T, Scho,
-

Cus&
2

= 193 .
5 N E



Example
Two cats we conated by a cord tha

passes over a small fridunless puley ·

Each ca rolls freely with reyligible fridion .

Crowde the accordion o the auts

ands the fasion is the couc .

10 Ly-"15 Ug

7370 53
⑧

↑

Solic

Note the 370 + 53°
= 900

= Ca choose convect
coordina system

- Y

↑W -I~
mi-"
I

IO ,
Oz
↑



- Y

von
, x L

yy = Gc00
Sx -

02 3 = gSiOn
* I

W

By =

Now,
FBD'

raBoc, I Boch 2 7

T
Y ↑

Y T TN2
N ,

L

-
L

↑ 7 - Me

E M L

L Wi Wax 2 ~ w

W
,
x

2 ~ 4 ro
,

"

vw
,

[E = ma Assume directio o
"a

if migdine , goes

① x : W
,x

-T = h
,
a (13

other was

y : N ,
-W

, y
= 0 (3)

② x
: Wex - N2 =

0 (3

7
: T- Wig

= h
, a 14)



Wix - T = h
,
4 (13 - m ,gcosz -T= m,

a

v ,
- W

, y
= 0 (3)

-> N,
- m

,y5202
= 0

W2x - N2 =
0 (3)

=> mygcosz -Nz = 0

T- Wis
= h
, a (4) -> T-mzgsitz = Mea

Combine III &C2) , solve
for "a"

m
,ycost2 - Mya-mygsitz = h, s

-> a = 1 (M , cost - masia)
m ,
+2

=-2 . 3 ms? ⑬

Sub "a" iDo (1)

T= m
,y(usz - m , a

=82 .
3N

U . R . Cos(02) = <r) -0, )
= SinO

,

=> a = (m , sha ,
- m
, since)

Ar, 2

&
T = m

,gsin&, - m ,
a



Example

Two blocks are connected by a massless rope

as shown .
The mass of the block on the

table is 4. 0 hy and the hanging mass

is 1 .0 mg . The table not the puley we

tridinless
.

T Find the accelation of the

syter (3) Find the tension is the rope .

C Find the speed with which the

harging mass hits the floor if it state

from rest and is initially locked 1.0m

from the floor
.
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sation

Free Body Digres
1 r Boch 2 rBo

,
Fr

↳ ↳
T

m
,

> T
Me

↓
az

~w
,
=

m
,y W =

M2g

-> a ,

Now
, pe is cheftendable

,

- a
,
=

az
=

a

⑦ x : T = m , a

7
:

Fr - W
,

= 0

② X ! 0 = 0

7 : T-Wz = - h , a

...
T= m, a ()

Fr = m , y (2)

T- myg
=

- m,a(3)



po c. No (3)

m ,
a - mcg = - m= a

- a =

ma

= 1 . 96 Wish S

Tension from ,

T= m
,
a

= m
, n g

er , + 2

=7.84N

If Yo
= 1 .0 m

, y = 0

wo
= 0

, v
= ?

U

W

M2
-

02 = - za(y - 40) Y = 1 .0m

Yo-zen
e2

- 2 = 1 . 98 Mrs



Example

A ship sets sail from Ratedan , heading
due north & 7.00ms relative to the

wate
. The lock ocean curre is 1 . 50 Mis

in
a dredic 40.0"north of eas.

Who is the velocity of the ship relative

to Earth ?

Solion

~
,

= 7 .00-s
-V = 1. 50 -s

1 (N)
7

O = 40

~

EsA
-

Earth

- ->

v t V
S

~=
Use

x
W We

↑ ↑ velocity f ship

Stop versit · cen carro Wit Earth

wrt wr
Wrt Eart



Nau,
-

= 1 . 50 /s Cos 40 + 1. 50rs Sin 40
V
~E

-

= 1 . 15 ~s
4
+ 0 . 96-s6

so
,

Use = Ear + Twe

= (700 - 5) + (1 . 15 - , 4 + 0-96-3)

= 1 . 15N, 4 + 7 .96-sY

-

USE
= U We I Use

2

3

= 8
. 04 is ⑭

Oth ( *E,
- 81

.
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