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What is a Newton??

Unit of Force
N = kg x m s

*An apple weighs about 1 N



REMINDER: Vector vs Scalar

Vector Quantities Scalar Quantities

Displacement Distance
. —
Velocity < Speed

1 / Energy

Can be negative to
Indicate direction

Only Positive




Newton’s First Law

A body will remain at rest or moving with
constant velocity unless acted upon by an
unbalanced force
K F ! .,
it

WK
- qnl-l! \.

“Law of
Inertia”




(Total) — Net Force

The vector sum of all the
forces acting on an object

|:net — 22 N

D E—
20 N
3N
10 N




Equilibrium

When all forces cancel out,
the object is in equilibrium

|:net: O N

20 N
30N
10 N




Using Equilibrium

1350+ T — 750 —900 —-800=0N

Weight of Guy #1 =750 N
Weight of Guy #2 =800 N
Weight of Platform =900 N




What is the Net Force? | 1




What is the Net Force? | 2

11N




What is the Net Force? | 3

Remember SGHCAHTOA? x = 20 cos(30) = 17.3 N
y =20sin(30) = 10 N

s

17.3 N

—173NJ




What is the Missing Force?

x = 50 cos(45) = 354 N y = 50 sin(45) = 354 N




Cable Tension

What is the tension of these cables?

Each cable must support
half the vertical force if the

/ weight is evenly distributed

150 N
o

Frsin(30) = 150N 300N 300N
F; =300 N|

300 N

300 N




Lesson Takeaways




Newton’s 2% Law
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What is Momentum?

An object’s tendency to continue moving

Momentum = m x v
P




Newton’s Second Law

The rate of change of momentum of a body is
directly proportional to the unbalanced force acting
on that body and takes place in same direction.

mv —mu V—Uu
:m(

)=ma
t

Fret =

t

v=u+at /

. Frnet = ma




Newton’s Second Law

Force = mass x acceleration




2" Law | Try This... | #1

Your shiny new motorcycle has an engine capable
of 2450 N of force. If it has a max acceleration of
15 m s, what is its mass in kilograms?

F = 2450 N F = ma

a=15ms_2 m=5=2450
a 15
m = 163 kg




2" Law | Try This... | #2

How fast is this 100 kg block accelerating?

400 N >00 N




29 Law is the Bridge




Equations

Units m |ms!ims! ms?| s
V=u-+at u Vv a t
_ 1_,2

S = ut + Eat S u a t

v¢ = u? + 2as s u v | a

g = (v-l—zu)t




2" Law | Try This... | #3

A race car has a mass of 710 kg. It starts from rest and
travels 40 meters in 3.0 seconds. That car is uniformly

accelerated during the entire time. What net force is
applied to it?

s| 40m | s=p+3at’
-1 4.0 =1 3 2
ul0oms 5(a)(3) F =ma
% - a=889ms ? F =(710)(8.89)
a ?
. . F=6311N




2" Law | Try This... | #4

You slide a 0.20 kg hockey puck on the ice at a velocity of
12 m s1. After 3 seconds, the force of friction causes it to
stop. What is the force of friction?

- L v =u-+ at
ul12ms?| 0=12+a(3)
- F = ma
I 0Oms a = —4mS_2 F = (02)(_4)
a ?
. . F=—-08N




Net Force = Acceleration

Any time there is a net force that is not zero,
there will be acceleration in that direction




Equilibrium => Acceleration =0

If the net force is O N, then the object is not accelerating.

This can mean two different things:

* Not Moving
*Constant Velocity

Y i ARES 7/ ACC Y
e @3 ON-OFF <
7 ¥ SET/COAST




Lesson Takeaways




Weight, Normal
Reaction, & Tension
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Types of Forces | Weight

Newton’s 2"9 Law: F =MNMXa4a

ooy
Weight: F =M X
0 &
F, = Force of Gravity (weight) [N]

m =2 mass [kq]
g = Acceleration due to Gravity = 9.81 m s2




Mass vs Weight

Mass kg

Amount of matter
Weight N

Weight

Force due to gravity




Types of Forces | Weight

What is your mass in kilograms? (1 kg = 2.2 Ibs)

165 1bs x 8 _ ey
= > % 920bs 276

What is your weight in Newtons?

F,=mg =(75)(9.81) =736 N




Types of Forces | Normal Reaction

R «<—— R for normal Reaction force

Some sources use F,, for “Normal Force”




Types of Forces | Normal Reaction

*Always perpendicular to the
surface applying the force




Normal Force Depends on Scenario

R=F, =49 N
Fr =20 N




Types of Forces | Tension

*Always pulls in
the direction of
the rope or chain




Lesson Takeaways




Friction
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Types of Forces | Friction

Ff *Always opposes motion




What is Friction?

The force opposing  the
motion between two objects
that are in ___contact




Types of Friction

Static Friction-

Not Moving = O

Dynamic (Kinetic) Friction-

In MOtiOn Static > Dynamic




Static vs. Dynamic Friction

Friction decreases

(F g b s i i onhce motion starts

fk ———————————————————— I
| |
| |
[ |
| |
| I
| |
| I
| I
| |
| l
| I
| I
| |
! 1T

O - Y e =N = U e S

Box at rest; static friction Box moving; kinetic friction
equals applied force. is essentially constant.




How do we Calculate Friction?

F — “ % R‘/ Normal Reaction Force

1
Coefficient of Friction --

*unitless Steel on ice 0.05

Steel on steel (dry) 0.6 0.4

Steel on steel (greased) 0.1 0.05

La rge u 9 “Sticky" Rope on wood 0.5 0.3
SmaII T S "Slippery" Teflon on steel 0.04 0.04
Shoes on ice 0.1 0.05

Climbing boots on rock 1.0 0.8




Static Friction

M x R calculates the limit of static friction but below
that, it will be equal and opposite to external force




Physics Data Booklet

Sub-topic 2.2 — Forces

F =ma

Ff < ﬂsR

FfzudR\Ff — “R




How do we Calculate Friction?

F | External Force

g=981Tms?
F. mg*

*when flat

R Fg

Fe | R




Calculate Friction | Try This...

Santa’s Sleigh is loaded up with toys for all the good little |

girls and boys until it has a total mass of 2000 kg. What is (?&y /q
the static friction force that must be overcome if [ is 0.17 =t

A Fq = mg = (2000)(9.81) = 19,620 N

R = F, = 19,620 N
Fe = UR = (0.1)(19,620) = 1,962 N




Calculating Acceleration w/ Friction

Step 1: Step 2:

Find the Force from Friction  Find F;

° Fg =m§g * Fnet - FpUSh i Ff
° R = Fg .

. Fi=pxR Step 3:

Find acceleration

Fooe = Ma » a=F . /m

push




Calculate Friction | Try This...

Santa’s reindeer pull his 2000 kg sleigh with a force of
4980 N. How fast does the sleigh accelerate if the
coefficient of kinetic friction () is 0.057?

L« WNaWaleaVa¥l W |
\ W Jf &=

'J'RV - Fqy = mg = (2000)(9.81) = 19,620 N
R = F, =19,620 N
. F ol F. = pnR = (0.05)(19,620) = 981 N
981 N 4,980 N

F .. =4980-981 = 3999 N

o eaon a = F/m =3999/2000 = 2 m s72




Lesson Takeaways




Alr Resistance
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Alr Resistance

Force of air resistance

Increases when
velocity increases




Calculate the Acceleration




Terminal Velocity

At a certain velocity, the air
airresistance  resistance acting on an object
- j (or person) is equal to the

B force of gravity.

Fet = 0 N

This is the top speed for a
falling object

gravity
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Terminal Velocity

Terminal Velocity

Terminal
Velocity

Displacement (m)
Velocity (m s)

Time (s) Time (s)

Note: these graphs
- treat the downward
direction as positive




When the Parachute opens...

F... =300 N ¢ Foet = ON

300 g _0
Cl—70— . ms Cl—70— ms

-2




Terminal Velocity

Velocity (m s)

Time (s)




Terminal Velocity

air resistance

A parachute dramatically decreases
the terminal velocity where air
resistance balances out the weight

A parachutist jumping from an

aeroplane

vertical downwards
velocity ims™'

Terminal steady speed
[ velocity 1:
gravity locity
&
(v}
=
&=
o
)
£h
Terminal
velochy Z: - e 1 > steady spead
Emis ‘
- ) —r— time /s
j 3 40 50 e 70
A parachute
=08 opens at t=42s 1at:ggsat




Sample IB Problem

An object falls vertically from rest. Air resistance acts on the object and it reaches a terminal
speed. Which of the following is the distance-time graph for its motion?

A C.
distance distance
0 - ] =
o nme 0 ume
B D.
. L
distance distance
ﬂ ﬂ L

i lme 0 time




Sample IB Problem

A skydiver jumped out of an airplane. On reaching a terminal speed of 60 ms-', she opened
her parachute. Which of the following describes her motion after opening her parachute?

A.  She went upwards for a short time, before falling to Earth at a speed of 60 ms-'.

B.  She continued downwards at 60 ms ', but hit the ground with less force.

C.  She continued to fall but reached a new terminal speed of less than 60 ms .

D.  She went upwards for a short time, before falling to Earth at a speed of less than 60 ms .




Sample IB Problem

4.  Two identical balls are dropped from a tall building, one a few seconds after the other. Air resistance
is not negligible. As the balls fall, the distance between the balls will

A. decrease.

B. increase.

C. increase then remain constant.

Constant
D. remain constant.

Displacement (m)

Increasing




Lesson Takeaways




Forces on a Ramp
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Warm up

What is the acceleration of this 10 kg block?

F . =51.8N

&1.” net
Pl 754N L Frnee 51.8N
~m  10kg

F... = ma a=518m s 2




Big [deas so Far....

Acceleration is zero when net force is zero

This doesn’t mean just mean “stopped” (constant velocity)

If you have acceleration of an object, you can find the net
force causing that acceleration

(Think F = ma)

Force of friction is related to the normal force by the
coefficient of friction (p)
Fe = UR




What Forces are acting?

Force of Friction always
R opposes motion

i

Normal Reaction Force is
always perpendicular to the
surface applying the force

What we need
to calculate F

Force of Gravity is
always straight down




Components of F,

We try to choose our axes so that we are only looking at
forces that are parallel and perpendicular to the motion.

This means that we need to break F, down into components! ©

sin@ = F, / F,
Fy = Fgsin®
cos® =F, /F,

F, = F4cosB




Normal and Friction Forces on Ramp

Normal Reaction Force (R)

Force perpendicular to the surface

R = F A
1

Friction Force (F;)

Fe = uR

*For Equilibrium

Fe = F,
e




Example IB Question

A wooden block is sliding down an inclined plane at constant speed. The
magnitude of the frictional force between the block and the plane is equal to

A. zero.

B. the magnitude of the weight of the block.

C. the magnitude of the component of weight of the block parallel to the plane.
D. the magnitude of the component of the normal reaction parallel to the plane.




Warm up

What is the acceleration of this 10 kg block?

F . =51.8N

&1.” net
Pl 754N L Frnee 51.8N
~m  10kg

F... = ma a=518m s 2




Ramp Example

Fg =mg = (10)(9.81) = 98.1T N - 10 kg
F, = F,cos6 = 98.1 x cos(40) = 75.1 N ’
F|| = ngine = 98.1 x S|n(40) = 63.1N Fg 98. N
R=F, =75.1N F, 751 N
F. = uR = (0.15)(75.1) = 11.3 N )
f F 63.1 N
Foet =63.1-113=51.8N
a=F/m=518/10 = 5.18 m s2 R 75.1 N
7SN F 11.3 N
11.3 N
X e | 518N
' -2
oo 75.1N d 5.18 m s




What if we didn’t know mass?

Fg = mg For this Example...

Fy = Fgcos8 = (mg)cosd a = (9.81)sin40 — 0.15((9.81)cos40)
Fy = Fgsind = (mg)sin® a=631-113

R =F, = (mg)cosO a=518ms>?

F: = uR = p((mg)cos0)

F.ot = Ma = (MQ)sind - p((mg)cosb)
a = (g)sin® - p((g)cosb)

(mg)cosB

H((mg)cosb)

(mg)sin® (Mg)cosd




