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Chapter 3: Forces and Newton’s Laws (Part I)

Whatis a force?

*  Symbol: @

Force 1s avector, it has a W and a direction.

o  TThits of Force: Newton@

Note: 10 = 1’%g i
S

*  Torepresent aforce: H

Tvpes of forces

1) Gravitational Force

fone :C &#0(:% SYeruseon
aaa.,_uo_\n_w

Zymbol: F“

:5 GM& Mj

OF gravitational canstant (0.67 XEO'H M’“?

Formula;

wp one body's mass (.
wipt other body s mass

rrdistance bebween the 2 bodies L\‘b

n Simplified Force of gravity (aka Weight)
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There are two types of frction:

®  Static Friction M w‘&

.{:?Pnt (sidinay ,A.5>}m.

Tension

M%Me (a5 iV 15§ omed)

e T or F (,no C«c\d\a’)




6) in a spring




3 Applied force
MO"M‘& bf_fuam/%ﬁb;
Zymbaol: FG~—

<N Net force

Free bodyv diagrams

Free body diagrams (FBD) are used to show the forces acting on an object. You should
always start problem solving by drawing a FED.

In a FDE, objects are represented bo

Arrows starting from this dot are used to show the forces acting on the objects.

—

Ezamples. Draw the FBD for the situations below

1) A box rests on atable.
v

Fa

21 A sign is supported by 2 vertical cables.

T fl R

31 A sign is supported by 2 angled cables.
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4y A box slides down a frictionless ramp.

A ™ (Fuis L Yo saforce)
P_sby

2 A boxisresting on a spring. %
s

5

&1 A& girl 1z pushing a box along arough floor.

T
)

Ty A carturning asharp corner. (There 1s friction on the road)

« ~
. :,s&,

Finding thenet force

To find ., we find the vector sum of all the forces exerted on one object.
N —
Ezamples: Find the net force for each situation bel ow,

10 A 20kg brick gets detached from the wall of a building. The brick falls towards the

ground. (lgnore atr resistance.)
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Equilibrium of forces - 53 w’\,
A system 13 satd to be in equilibrium whe

When a system is in equilibrium,

’[ + 31 The engine of a 20;; 0 kgrocket rovl £s 85 700 M ofﬁ:-ru:e Air resistance provides

* the object iz not moving (at rest)

* the object is moving at a constant velocity
—_—

When F,, = 0,1t means that
® all forces pushing the object “up” are equal to all forces pushing the object

e a2 N— —
do

* all forces pushing the object * leﬂ: are equal to all forces pushing the object
“right”
—_——

i.e the vector sum of all forces iz zero.
Enowing that a system is in equilibrium allows us to solve some problems.
Ezamples:
10 A 50 kg boxrests on atable. What 1z the normal force applied by the table?
L) -
=6y
= 440N
< ~yaor
< ’SQ-ZN

21 When yvou hang a 4.51:3 mazs from a spring, the spring stretches by 10 cm. What 15
the spring constant of this spring?

fs'. 7 (9 g':—;g
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A 45gbox 1z being pushed along a rough floor. The coefficient of friction between
the box and the floor 1z 0,200 "What is the force of friction?

24U
e By
% v z L ANEY V)
égf- TN = LN

//

4y A 50 kg light fixture 15 suspended from the celling using a cable. "What 15 the
tension in the cable?

T T= Fy
T=-44N
c OGN
9

Newton's Laws

I Law: Law a

%eacts on an object, the object remains a rest or continues momng at a
constant veloct ¥

Ezamples: ND %&$ e S aidtang Aog

10 When you hit the Erakes in a car, all objects that are not strapped down go ﬂjfl

forward. The objects continue mowving at same velocity because no net force 15
acting on them

21 Eetchup in a glass bottlel
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2 Law: Law of acceleration

The acceleration of an object 15 directly proportional to the net force acting on the object,
atd inversely proportional to the mass of the object. ", nAGSS C

g CAt LA v X U‘(S'j

* 10 A 20kgrock falls from the edge of a cliff. Air resistance exerts 12 M. What 15 the
T acceleration of the rock?

far =20 @‘FM{—=FQ.:,—-F3 noxl

_ S ug
S w2N=-19.6N &w

= = F.N
- 4BV - A
" ® &;; Trot == 1N =£? s

2

2y A T700kg boxis pushed aleng arough surface with a force of 452 M. e box
accelerates at a rate of 0.500 m/s®. What is the force of friction acting on the box?

58 ke
TS Poka)(© Sore)

3 Law: Action -Reaction = q&“ - 3‘ M

For every force applied to a object, the object applies a force of equal magnitude but
. — J e
opposite direction

_— LR adkien Mores Mq‘""

Exzamples: &
G S5ve ~ Je .
13 You push the wall with 50 M, the wall pushed you back with 20 I

21 Jet engines.

% ¢ 2alde o,
ok e
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Solving problem s using Newton’s Second Law.

Basic Idea:

There are of finding the net force

o 5=

s 7 = thevector sum of all forces

Sa o salve problems
1) Find %, using both methods (you may get a "number” or an algebraic expression)

21 Make bothequal to each other
31 Solve for what you are loolung for

Ezamples: _—'qQN

10 A boy pushed a 10 ;; box along a rough surface. He applies aforce of 125 . The
coetficient of fiction between the floor and the box 1z 0.4, What 15 the acceleration

ofthe box?
#2070 O g2 poo @ T

SE sy = (@)@ ‘iﬁ
> L __?ﬂ,zﬂ [

<oy N 2GS SN
V9 Crotr = Tosle %
@ = lasN- N youvs
= %SIGN :%"abg

2y & 2500 kg car’s engine provides a force of 3500 M. The car accelerates at a rate of
2.6 mis® What is the magnitude of the force that slows down the car (ar resistance
‘ combined with friction between parts)?
o~

O Ensk = (zsawg(zf"mw)
s = (,SOSN

% @ Fux = Fery :‘

%
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Some classics

mbfems:

* Don't forget thas involved

o Acceleration and velocity don’t always have to be in the same direction

10 A 400kgtoy rocket iz being propelled by itz engine using a force of 30.0 M What
is the acceleration of the rocket?

Yansf oM Q)M:tmvb- 55 AR
z PON-14,.2V
.akw < lbcg"‘
- Crok= owren
% @ a;.@.:j‘ - (©,.5N - ?_.-n’\:ls"'
C1

VA Yad

21 The engine of arocket applies a force of 3.0 = 10° M. As aresult, the rocket
experiences an upward acceleration of 5.2 mis®

. . What 15 the mas; of the rocket?
Caro O Frer = e
T f‘ © A (.5 '?'”‘S’)

(,Sz"\ CL“\M 20 - i AN\~

(Sims AV~ = dooen)
sv
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Elavatar Prablems (standing on a scale in an elevator, of course)
o “When the elevator has an upward acceleration

Geor hesvier Ty F

o Twhen the elevator has a downward acceleration

%
* We us as the force s by the scale (assummg it 13 1n Newtons)
—

3y Asshe often does, Carrie 15 standing on a scale in an elevator Carrie has a mass of
62 kg The elevator has an upward acceleration of 1.5 mls What is Carrie’s
weight, according to the scale (which 15 in MNewtons)?

Fvz? (1) Fre = o
< (olllgﬁ | Snyer

"9INn 1

Ay Tony, who has a mass of 75 kg, also likes to stand on scales in elevator. The elevator
1"" 15 moving, and he sees that scale indicated 585 M. What 15 the acceleration of the
elewvator? (Don’t forget to specify the direction.)

Fu=5YSN @F»’c =Fu-
= S¥SN -RSN
= -\SoN
;5s13$d @) Trot=omme
et

< ~LSON
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Usin h to determine a coefficient

Sometimes we get graphs that allow us to determine either the coefficient of friction or

the spring constant
We find the rate of c:hanger thinverse of the slopé)to determine the value of

coefficient of friction or the spning constant.

Ezamples:

1. Find the spring constant for each spring below.
—_—

Elongation vs. Applied Force

F(N)

M 160 |
04
£
;' 14
2 03
E 1 //

0.1

o ¥ 0.24 "

Feres (M) esw“

Weaty ]
34, b
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(¢ “On
< < (x|
5 5o <Gl
2. Findthe coeflicient for the surfaces represented below.
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