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Unit 2 Part 2: Forces

Note 1: Newton's Universal Law of Gravitation

Newton's Law of Universal Gravitation states:
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Where:

G= guw‘h&.m' Constant.
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M = mass (ky) o 1 ol

m=mas of 2 obj.

r= distance between Cerbves r‘- md
(m

Ex 1: What is the force of gravity
exerted on a 70.0 kg astronaut
that is standing on Earth’s
surfacer

Radius of Earth = 6.38 x 10° m
Mass & Earth =5.98 x 10% kg
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_ 667xw ! (5.98 x10""ly) (70)
(6.38on

=686 N |

Ex 2: What is the force of gravity
acting on a 70.0 kg astronaut who
is at an gltitude of 6.38 x 10° m?

;3xl0 m

r= ke +alt
= §.38x0'+ 6.38x10°
= .276 x10" m

|:' ) 6.67x10™" (5.3 x00™) (70 )
)7 (].274x0’ )?

Fo= 171 N}

Ex 3: Two physics lab partners sit

side by side. One has a mass of 55
kg and the other a mass of 65 kg.
If they sit 50.0 cm apart, what is
the irresistible force of attraction
between them?
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= 0.000000954 N
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An astronaut weighg800 Non Planet X. How much
would she weigh if she was at an altitude equal to
4 the radius of Planet X? New = GMm OH F
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Unit 2 Part 2: Forces
Note 2: Gravitation field strength (g)

To help explain how two bodies that are not in contact can exert a force on one another (i.e. gravitational,
magnetic or electrostatic) we use the concept of _T'e

Fields are spheres of influence. They are _invisible and l'h'(‘anjiuc ; they simply demonstrate
how strong a characteristic is at a certain distance.

Consider a campfire. We can think of it as having a To represent this force field around earth, we

Hgo\{ field. The Closer we get to draw vectors of force pointiw ’eu 11, ‘{
the fire, the S‘bmger the field becomes. centre. Their maqnitude —indicate that the ‘F? TRt

field becomes @alar as the distance J me
Likewise, the |arqer  thefireis, the from earth’s centre _incveases .
futher awdy we will notice its field of
effects. -~
~> ~
>
s
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Gravitational fields are defined as: 5] g - G
= =

acel due to gm\,'c-l/ — y?
3vavi{a’dm4 'Fieu /

Notice that its units are in N/kg or m/s’

Ex1 Ex2
The Earth is not actually a perfect sphere. Just like || The moon is 385 000 km away from the Earth’s
a spinning basketball, it is an oblate spheroid ... surface. What is the Earth’s gravitational field
or kinda bulgy in the middle. strength at this distance?
Calculate the acceleration due to gravity: | 385000 km 5
a) Atthe North Pole (r = 6.370x10° m) ke
b) At the Equator (r = 6.386x10° m) Nor t} E @
_GM_(erxi)(5.98 X10™* ky)  (Eqetr ' g
% 9“,77' (6.37%10°)7 = 6.37x10"m + 385000000m = 3.9131x]0" py
Earth Ye
=933 mia) or N/ -n %
(3= 183 rae] or wts W R S
Nowtl  Pile. = b = (3.4137 ,03): I
b)t 9 = q.78 h'/si ) Ew*.r
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Friction is created whenever... +W0 Swfa(e) move FM'{ eacL 0 'H\ek. w
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Friction is created whenever... "(’,‘WO xyfa(es move FM{ eacl\ a'H\ek.

On the microscopic level... ,'”fju,m[.‘;d n 'an ‘éwo su»fms CA'(’&L o

(N)

Friction is given by the equation:

= ohe't letter "myu"
= dcrcn‘s on He Sur faces,

(N) S‘*Cﬂﬂﬁy o';}ctf. ve
Where:
= f\}MWw{ r:ovte Ms=0.42
- always h +o S“Yfa(e . Kinetic Friction: ke on a mn::,
- Coefficent oft Ficton (o wnit) Object v,
—= k=0-39

7

Static Friction: frictm Fore on a

Frictiongay: Frictionynetic

H stal.ic> Hkinetic

Ex 1: A 3.75 kg block is pushed
along a tabletop with a force of
45,0N. The coefficient of friction
is 0.65.

a) Find the force of friction.

b) Find the acceleration.

Fu=36.15N ___Win
FP [ Fe= 45N
21 “Tue
375

4
o Fy=m9= 36.75N

r—;:pFn :(0.65)(36.75) =}23.q '\I,
b Fnt=Fo-F |

Mma = 45N - 23.9N
(3%) a =211

(0=5F ]

Ex 2: A 0.200 kg puck is pushed
along a sheet of ice with a force of
0.240 N. If it moves at a constant
velocity, find the coefficient of

s a:=¢ - b g
Fp:"-a: 0.14N
Fo=Fy =my = @2)(18) {196 ]

s _ 0

iy
Feephe Pp = Tas

Ex 3: A 1.1 kg textbook is held

against a vertical wall with a force
of 45 N. What is the coefficient of
friction between the book and the

wall?
e o tsn < Fr
Fe= Fj =mq J
Fe= (LD (9) Fy
Fe- 10.78N
. lom
fA- v = 45

o
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T T Unit 2 Part 2: Forces
Note 4 Hooke's Law
Feisstic A fovce that  work o return Examples: €lastics ) an'.ujs ) bo.m/ ball

A distwted ob]u{ 4o it ef;ilil»ium

(rest) position -

't“mro,lnc ) b"""“ C"d/ Aotlu) f‘til.'t,

| Haoke's | aw:
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L (rest) position . J|

Where:

k (N/m) = 5P¥is Comstant
= how stiff the sr):-j S
Ax(m) = ditortion From

Hooke's Law:

Tll ameunt 0‘ testorin (e'ufic) F\mc is
Pwrovﬁam& the amount ’ﬂ dil‘(:ov‘t:'m.
(JT31] hovwel

ot Egvilibrinm.
—t5x—tf

Ex Ex:

A student stretches an elastic band with a spring Al Mclnnis uses a wooden stick with a spring constant of

constant of|50.0 N/m by@ How much force are What is the distortion on the stick if he exerts

they applying? / 525 N while taking a slapshot?

O-II-EM
T~
l:‘s = ’( oX

Fs =(50M) (0.05m) = (2 SN |

4N

Q Fs=‘£0x "’

&
©F

Ex:

A 65 kg girl sits in a redneck sling shot that has a spring constant of 10.5 N/m. If the sling is stretched by 45 m, what
is her initial acceleration when released?

Py E E\;X:F-S

J
[U ma = Lk ax
Py kox _ 105 (45%)

Qs

(3:—09 m T 65k =@
1L,'L/k/(ﬂ_lj

Wg LEY E’d!“(/’lbyh.?.
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O T Tewon 6 Unit 2 Part 2: Forces L-
l%(l Note 5 Tension

Tension occurs within a material that is being... P““"A or ghg-hl..a( .

It is an internal force that acts 0_* ou Bar(: along a rope (string, chain, etc) in Loﬂ\ o‘ivtd"wng,
P — F—

Consider two carts attached by a rope being pulled along a flat surface. (Friction is negligible.) K
Fua bl

- R
m,=6.0kg™ > " m, =40 kg"—%z,

a) The_acceleration of the carts. 24N 24N Oi—d
Fmt S = Eﬁ_ E‘:* =M-a

MT a-= 40” v bt boxes. "_,’ r,'

(“’_',4",)0 z=4o0N > ‘ A= G/t |

If my is pulled to the right by a force of 40.0 N find:
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b) The tension in the string connecting them.

o1 BT T=bkx
65@—? ma=T T- 24N

NOTE: Since it cancels out of the total F.. equation, we will only consider the forces acting... On  O6ne mnass

.

NOTE: Since tension acts on both masses equally we can use... @ther mass.

0
|
'
'
I
'
'
'
v

Consider two equal masses hanging from a pulley.
Diagram the forces acting on the entire system.

With pulley problems it is sometime easier to “unfold” the rope as shown.

N, t hecu;aw;, lf

7
« T T T T
n, ™ — 7 Fp m
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Ex: The two masses shown hanging from a frictionless pulley are \tﬁlfased at rest. Find
(

e

a) The acceleration of the system. R TT F"
Tt = P = Fpa o (by+%)as sm-m
o

>
Mr0=""f1-'"15[ loa =16

l a "q‘M/; , dnwn -F(w 6" Lox
b) The tension in the string.

Win Ur For 4]7 box

FN* T-F =ma +mq
“ TE ma = T- my me(Mg)
T= ) (19 +4.8) <[47N]

! NOTES: 1. When solving for acceleration of the whole system we consider +dd mass

2. When finding T we only use One  _mas$ - '

Ex: A mass on a frictionless table is attached to a hanging mass over a frictionless pulley as hown Find:
— W T
a) The acceleration of the masses. 51 H ”
F::l F,, [ (8k+61) a = (6K) 1.8
'

Sys
4+ a =538 .
M- a @ famy]

b) The tension in the rope.

"_N* ___F"_T 7T:m(9-a)
B T= bk (13-4.2)
T=33.4 N

T=mg—ma

(fin

"

Ex2: If the same system has a friction force of 25 N acting on the 8.0 kg mass find:

N -
a) The acceleration of the masses. 25 H

E%’l'—y.‘rf/—) '40"'58-8"25 | —

b) The tensionin the rope.

44N
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Unit 2 Part 2: Newlon’s Laws

Note 6 - Elevators and Apparent Weight

When a person is accelerating upwards or downwards they can sometimes feel heavier or ligh

are. Although their Ctua

1 weight (force of gravity) is the same, their
Apparent weight (how heavy we feel) is equal to the _Nov Mﬂi force supporting us.

r than they actually

EEGN" weight differs.

Mass + Spring Scale = Elevator

Describe 2 times when the mass
appears heavier than normal.

90 'T 'Fhm l’cs{:
2 90 b ond stop

What can you summarize about the
acceleration of the mass?

qunJ aT

acceleration of the mass?
—_—

Describe 2 times when the mass
appears lighter than normal.

30 J/ From rest
90 T od stop

What can you summarize about the

Olown ward a J/

y

Describe 3 times when the mass’
apparent and actual weights are
equal.

1) rest
2) ‘Af @ Constant S’na’

3) dowm @ Gt . $’a¢eo‘

What can you summarize about the

acceleration of the mass?

a-¢

Ex 1: A 65 kg person in an
elevator is L
5.0 m/s. What is their apparent

\u:lght a=0 FuA=0

Fy= Fy
Fu=mq

;

Ex 2: The same 65 kg person is
in an elevator that accelerates
upwards at 4.9 m/s>. What is
their apparent weight?
F,.i «Fn- F:,
ma=fy-m

3
" = ma +[@

Ex 3: The elevator reaches the
top floor and decelerates at 4.9
m/s>. What is their apparent

weight?
Fo RA: F’- ru
& FusF-Rat

@@- ma

T

k-
o

FN= (‘s"]) (q-s) FN Fy‘ 65["'1 +q,J FN - 65[q‘_ ['_,J
Ayp wit=[GFon] T )
Fu=960N
\\ /4.,1 hessier |
IJ {14
12}

~
An 85.0 kg person in an e]evator%ﬁ'ﬂ’fe top to the bottom floor. Find their apparent weight when they:

a) accelerate downwards at 3.00m/s>?

Fud58n )

b) continue downward at a velocity of

]

¢) accelerate upwards at 3.00 m/s’?

o9 N

12057 foxe 0

P =h
"

~
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The Elevator Problem

Imagine that you are standing on a bathroom scale in an elevator. You are holding an apple. (Yes, people are
staring at you...). You weigh 500 N, so your mass is about 50 kg. THE ELEVATOR S AT REST

FORCE|E
SCALE|
Part A: Elevator Is At Rest. * )
You have just boarded the elevator, so it (with you inside) is at rest... oy

Question 1: What does the scale read? SooN FORCE8Y

—
Question C F\f yo 6I§t '%o of the apple, what does it do? Fells h.m-"/

!—'n

THE ELEVATO!

ACCELERATION = 0,

. \'

(WEIGHT) « SP0

0
TES UP

Part B: The Elevator Accelerates Upward.
T — The elevator, (with you inside) begins to accelerate upward from rest at 2 m/s”.
"=/ Complete the FBD!

FORCEBY J
s Question 3: What will the scale read now?
.| 6ooN
v—>00N Question 4: If you let go of the apple now, what does it do?
IACCELERATION = 2MIS2 UP, ,F
SO THE NET FORCE, FNET = F“ "l ‘dﬂ
MA=100NUP
Part C: The Elevator Moves Up With Constant Velocity THE ELEVATOR HAS

CONSTANT OCIY

The elevator (and you) accelerated for 5 seconds, so it is moving upward with a velocity Foe
of 10 m/s. It now moves with this constant upward velocity of 10 m/s. O=0 et 500N
<0 &
Question 5: What does the scale read now? 5 00 N $,:th:av ]
i p 9 .F "s h”h‘“ th‘gursmn-s 0N i
Question 6: If you let go of the apple, what does it do? Ta / 4= 500N
ijﬁ ELEVATGE&, . R al Y
recasmreroom - Part D: The Elevator Slows Down (While Going Up)
R”%’The elevator, (with you inside) begins to slow down as it approaches its destination. Its
K d acceleration (or deceleration) is 2 m/s*> downward.
(ORCE BY
. o Question 7: What does the scale read now?
&ooN
¥ Question #8: If you llet go of the apple now, what does it do?
Fye Soon fll shly. S
. . ACCEL WN
Part E: The Elevator Speeds Up (While Going Down) J,“ F, < |booN
The elevator, (with you inside) reaches its t]oqr. stops for a while, and then begins to e
accelerate downward. Its acceleration is 2 m/s” downward. K Fix =l0oN
FORCE BY a
Question 9: What does the scale read now? 4_ ooN il
Question #10: If you let go of the apple now, what does it do? Fl' " $ Slowly. A4 =
THE ELEVATOR IS F' - 500”
IN FREE FALL \,
Part F: Oh, No!
® The elevator cable snaps, and the elevator (with you inside!) begins to fall! Perhaps you
¥ have time for one last Physics observation! Il
Force o] Question 11: What does the scale read as the elevator falls? Z ero .
(WEIGHT) Question 12: If you let go of the apple now, what does it do?
¥ Lnur m th air ..
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