Momentum, Units,
and Power

IB PHYSICS | ENERGY




Sometimes Physics Rhymes...

= Energy =

GPE = mgh Scalar - Always Positive

KE—l 2
= 5mv

EPE = = kAx? Lo
2 In a closed system,

Energy is conserved

= Momentum =

p =mv Vector 2 Direction Matters (+/-)

O—i i In a closed system,
L. <O Momentum is conserved

Total Energy Before = Total Energy After

Total Momentum Before = Total Momentum After

When energy changes, there was work
Initial Energy Final Energy

Work = Fs cosf

When momentum changes, there was impulse

Initial Momentum Final Momentum

Impulse = Ft




How many ways...

What average force is needed to slow a car of mass 1200 kg from
30 ms'to 10 m s" over a distance of 50 m if the time is 2.5 sec?

suvat and F=ma

10 = 30 + a(2.5)

F = (1200)(—8)

F =-9600N

Work and Energy

Final
Work Energy

2 S = Emv

Initial
Energy

1 1
E(1200)(302) +F(50) =5 (1200)(102)

540,000 J 60,000 J

F(50) = —480000

F =-9600N

Impulse and Momentum

Initial Final

Momentum Impulse Momentum

mv + Ft = mv

(1200)(30) + F(2.5) = (1200)(10)

36,000 kg m s 12,000 kg m s*

F(2.5) = —24000
F =-9600N




Elastic vs Inelastic

Elastic Inelastic
Kinetic Energy Kinetic Energy
IS conserved Is not conserved

In both cases momentum is ALWAYS conserved




b= Try This...

A toy railcar of mass 2 kg travelling at 6 m s™' collides with another railcar of mass
3 kg travelling at 4 m s! in the same direction. If after the collision the two trucks
become joined together, what is their resulting velocity?

Before After
(2)(6) + (3)(4) = (2 +3)(v) b — 4.8m s 1
12+ 12 =5v

Compare the total Kinetic Energy before and after:
Before After
1 2 1 2 1 2 System loses 2.4 J of
2(2)(6)° +3(3)(4) (2 +3)(4.8)

Kinetic Energy so it is

36 + 24-/ 57.6] an inelastic collision
60]




Systems and Units

Fundamental S.I. Units:

Length Meter m
Mass Kilogram kg
Time Second S
Electric Current Ampere (amp) A
Temperature Kelvin K
Amount of Substance Mole mol
R Luminous Intensity Candela cd




Primary and Secondary Colors

Primary Colors Secondary Colors




Derived vs. Fundamental Units

Force is measured in Newtons. Express this in fundamental units.

F = ma

N = (kg) (?z)

N =kgms™*




Derived vs. Fundamental Units

Describe Joule in terms of fundamental SI Units

GPE = mgh
J = (kg)(m s™%)(m)
1
EPE = kAx?® W = Fs
J=( )INm™')(m)? J = (N)(m)
j=(OgmsHmHm? 1= EemsHm
] = kgm? s>




Units matter for graphs too

You pull a giant spring back 10 meters and graph the force as shown below

Units Meaning
60 N
— 0or Nm~—1 Spring Constant
50
m
g 40
O
s Area
20
Units Meaning
10
> Nm Ji Work

1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10
Distance (m)




Work and Gravitational Potentia

A dog climbs up a ladder

g = mg = (mg)(h)

f

Assuming constant velocity, - mg h
force is equal and opposite
to the dog’s weight \

Same as PE




Work and Kinetic

A dog pushes a stroller from rest

W = Fs
(ma) (2~
= \ma)\ —
24
Assumin
startirs1$g fromgrest — %mvz <4 Same as KE




Think about It...

Is a waiter carrying a heavy tray of food at a constant
velocity across a room doing any work on the tray?

No, the force is not
In the same direction
as the dISp|aCement displacement g

Doesn’t change the tray’'s ENERGY




Think about It...

A particle of mass m is moving with constant speed v
in uniform circular motion. What is the total work
done by the centripetal force during one revolution?

A. Zero
B. mv?%/2
C. mv?

D. 2mmv?

Is the earth’s gravity doing
any work on the moon? N O




Think about It...

Two physics students, Maria and Paige, are going from the first floor to
the second floor on their way to their next class.

* Maria walks up the 3-meter-tall staircase in 15 seconds
« Paige runs up the 3-meter-tall staircase in 5 seconds

If they both have a mass of 60 kg,
which student does the most work?

Same

Work only depends on force and distance




What is Power?

Power iIs the rate at which
work is done.

(how much work is done In a
given amount of time)




How do you Calculate Power

Power = Work / Time

P= W/t
§ W] = U]/ [s]

Symbols




Common Appliances |Estimated Watts We will be

Blender 300-1000 looking at
Microwave 1000-2000 POWETI agaln
Waffle Iron 600-1500 this year
I_IT?a I;ter 1800000— 11580705 W h en we

air Dryer - .

TV 32" LED/LCD 50 dllscus.s.
TV 42" Plasma 240 € ectr|C|ty...
Blu-Ray or DVD Player 15

Video Game Console
(Xbox / PS4 / Wii)

40-140




Data Booklet Equations

A.3 Work, energy and power W = Fscos®
2
E, = 1mv2 _P
2 2m
AE, =mgAh
E, - L If velocity
2 IS constant

&

_useful work out  useful power out

T~ Ttotalworkin __total power in




Calculating Power

A biker travels at a
constant speed by applying
a force of 500 N over 20
meters. If they cover this

distance in 5 seconds, < >
calculate the following: s=20m
. _ 20m 4 1
Velocity A ms! v=—— =4ms
1,000 J W = Fs = (50 N)(20 m) = 1,000 ]
W 1000] P=Fv
200 W P=—=
t 5 = (50N)(4ms™1)




Try This...

A 50-kg electric toy car runs with a power of 20 W for 30
seconds. If it starts from rest, what is its final velocity?

Initial Energy W+rk> Final Energy

1
Emvz + W=Pxt = %mvz

%(50)(0)2 + (20)(30) = %(50)1;2

v=4.9ms" =




YR NELGCEENS
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