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3.1



The man shown uses 40N of force to
lift the box 1.5m off the ground. How
much work did he do?

W=F-d g

A) 0] D) 40] I |

B) 15] E) 415]
C) 20] F) 60]




A different, much cooler man uses 40N of
force to push against the brick wall of a
large building. After 2 minutes, he is feeling
pretty tired. How much work did he do?




Positive and Negative

.

L-—

e Same direction:
F (+) and d(+),
then W = +

R e Positive work
| speeds you up
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e Opposite
directions:
F (+)and d (),
then W = -

e Negative work
~slows you down



A frictional force f = 450N acts on
the player as he slides into second
base, covering a distance d = 2.5m.

Calculate the amount of work done
on the player by friction.

d=2.5m
-

el f = 450N



work %4

fime t

e Power = work per time, or o Watt=W = (Joule)/(second)

rate at which work is done e kilowatt = kW = 1000 Watts



Running up the stairs in
one minute (60 sec),
Anna develops 40 Watts
of power. Anna’s friend
Beth weighs a little more, §
but it only takes her 55
seconds to run the same

set of stairs. ' =

A) Beth develops greater power
than Anna.

B) Beth develops the same 40W of
power as Anna. If the stairs are
the same, it does not matter who
runs up them! Or down them.

C) Beth develops less power than
Anna.




Horsepower

through 100 ft per minute, working a 4 hour shift

e Historical artifact!

: e Poor pony!
e James Watt made the comparison, pony

by literally making the comparison e No ponies were harmed in the making of this slide



Motion, Position, and Energ.




Wh at is e Energy is a property

e An object's energy enables it to do work

e Doing work on an object changes its energy




o Several types: Potential Energy: The

wad o y:
S 1 Energy of Position

magnetic,
spring
e All depend

on where,
not how fast

e An object at

rest can still
have PE

Potential energy stored in the stretched bowstring will be
converted to kinetic energy when the string is released.



PE is a form energy, so it

should look like work

GraVitationaI PE e Units of PE are same as KE are

same as work: Joule = N-m




Do you reference the
ground? The surface of the
water? the track itself?

PE is
Relative

There is no location you can
point to and say, "PE = 0 right
here, all the time."

Think of / as the change in
position, not the absolute
position

You may want the floor to be
h=0, or you may want the
tabletop to be #=0

The situation should
determine where it makes
sense to have A=0



Compare using

point 1 as your

reference level
for PE with

using point 3.

A) The PE will be the same no matter where you declare 2 = 0. PE| = PE; = PEj3
for the coaster car.

B) Ifyou use point 1 for reference, PE] is some positive value, and PE; = 0, and
PEj; is negative.

C) When you use point 3 for reference, PE3 = 0, and both PE;| and PE; will be
negative.

D) When you use point 3 for reference, PE3 = 0, but both PE| and PE; will be
positive!



B . = Vom2
Kinetic Energy: °® %%~
e No motion, no KE: object at rest
The Energyof ° | " r_,
Motion

e KE can only be (+), cannot be (-)




ywhn'has a mass of

-

5ki *fs moving at 12m/s.
What is her kinetic energy?

- o >

KE = Vomy?




A car traveling north has
_365k) of kinetic energy.

True or false:
the same car
traveling at the
same speed, é
but headed
south, will
have —365k] of
kinetic energy.




§ Same KE?

Mass |Speed| KE

Ball | ka) |(m/s)| )

Football | 0.426 10 [21.3

Basketball | 0.625 | 825 (21.3

Tennis | 0.057 | 27.35 |21.3

Golf | 0.046 | 30.5 |21.3

Baseball | 0.142 | 17.34 |21.3
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Section 3.3 Energy Flow




e Work and
Energy

energy: W =AE

e YOU can re-write

Newton #2 to say this:
Yom(vi)? + W = Yam(vy)?

e Now separate PE
from the rest of the
work being done:
(PE; + KE;) + Wy =
(PEs+ KEy




A standard hockey puck (m = 0.160kg)
has an initial speed v;=20m/s. How much
work will the force of friction do on the

puck to bring it to rest (v/=0)?

am(vy)? + W = "am(vy?
W = Yam(vy? — am(vy)? ST T S
W=0 — "2(0.160kg)(20m/s)> ok
W= -(0.160)(400)J

A) -320] D) +32]
B) —32] E) +320]
C) 0J F) +640J




Energy
Forms

_ 7
converted 1o Chemical
- Energy \ '

converted to
ﬁ‘ﬁn / \ /e
- onvened to \ St )
converteo to (food)

Electrical
Energy

‘
’ converted to
convened to
Mechanical
Electncuty v

=z
T

/ converted to\

Kinetic
Energy
‘ Energy to
D a
-
Sound and
Light

Li gm

'r'\‘\’ b ] N . '/
=1 g ? %‘ — -
NN ' |

ight chemical electrical thermal
A
/ '
§ ) Cﬁ)
chemical mechanical chemical mechanical

e Different forms =

different kinds

e Different forms
means energy arises
for different reasons

e All forms are
interchangeable




Kitten says he gets his energy from
sleeping. Sasquatch says he got his energy
from the food he ate. Who is right?

Sasquatch eating a kitten.

Note: No kittens were harmed
in the making of this slide!
Sasquatch is not real!!

A) Kitten B) Sasquatch C) Both D) Neither



e Kinetic energy, gravitational PE, spring PE

e Mechanical has to do with the overall bulk motion or position of
an object

Mechanical




e Form of potential energy: stored by atoms/molecules
e Chemical potential can be released in a chemical reaction

e Logs in the fireplace: the flames you see and the heat you feel are the energy being released as
the wood burns (which is a chemical reaction between the wood and the oxygen in the air)

THE CHEMISTRY OF GLOW STICK COLOURS

¢ % 0.10-BISIPHENYLETHYNYUANTHRACENE * +  9,10-DIPHENYLANTHRACENE

:  When glow sticks are bent, the inner glass tube is broken,
. releasing hydrogen peroxide solution. This then reacts
: with a diphenyl oxalate, producing 1,2-dioxetanedione;
o) . thisproductisunstable, & decomposestocarbondioxide,

Chemical

(o) : : releasing energy. The energy is absorbed by electrons
'0 + Dye —» 2C0, + ExcitedDye : in dye molecules, which subsequently fall back to their
0 : ground state, losing excess energy in the form of light.

@ © COMPOUND INTEREST 2014 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem @ 0 ‘Q e
Y  NC

SHARED UNDER A CREATIVE COMMONS ATTRIBUTION-NONCOMMERCIAL-NODERIVATIVES 4.0 INTERNATIONAL LICENCE
ND



Radiant (Electromagnetic) Energy

" o Visible light, but

actually all of the
electromagnetic
spectrum

Infrared, visible,
UV are actually
all the same
thing

Ultimate source
of this energy is
electron
vibrations



Electrical Ener




e It's the nucleus, not the electrons here o Itwill release energy and/or particles
e Ifanucleus is unstable, it will try to get stable to reconfigure itself




T ru e O r Chemical energy can be transformed into

electrical energy. Also, electrical energy can
f a I S e o be transformed into mechanical energy.
]

3

Back in my\.,_‘l
day, we drove
lemons—and by |
golly, we liked

it!x /




All forms are interchangeable e Drive across town: chemical energy

, , converted to mechanical energy*
Turn on the light: electrical energy By

converted to light (radiant energy)* e Turn on the radio: radiant energy

converted in mechanical ene
Eat breakfast, walk across campus: ey

chemical energy converted to e *Plusradiant energy in the form of heat.
mechanical energy* There's always waste heat. Always.
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Conversion



Conservation BREU NN\ RA I,

WHERE DO | BEGIN?
of Energy

e Moveit, don't lose it

e Energy cannot be
created or destroyed, but
it can change form and/

HEATING & COOLING
or be transferred form -
one object to another
v look harder. The AL
APPLIANCES
law, look harder. The
energy you think you AIR SEALING
routhesghitchoud ./ A
] LIGHTING
you thought it should
somewhere. y 0 vemsmes Y
UNDERSTANDING




Compress spring: stored Ba"iStiC Pendl,"um:
spring PE

o Where does the
elease spring:

converted to KE of the ball ene rg y g 0?
Ball collides with block: |

some energy transferred to il

block [T

=

Ball+block: KE converted
to gravitational PE

Angle indicator lets you
calculate how much
gravitational PE

You never have as much PE
at the end as you predict
(from knowing the spring
constant and the masses)




-

»

b e’

e -

R Sy P g v h’ o
e ~ L ~

- -l N"? -~
3 E -~ : o 7 g
1 .{’ : i ) : 4
- L 2 - - "’.‘ -
v -
’ e LR
’ / e .

~ o How do you getenetrgy from %
Object Ato Object B2« ..

~ o ~Itdepends; whatkind of er
| u transferring, and what
eobjects Aand BZ .+«

b
>

. .



NATURAL GAS
SHASE OF ENERGY USE
23.8 percent
* ApvanTAGE: Fewer harmful emissions than coal and oil

* WiLDLIFE iMpAcTs: Habitat loss related to drilling and in-
frastructure; collisions between tankers nnd whales; pozenml

SHASE OF ENERGY USE: *
22.5 percent
* ADVANTAGE: Most abundant fossil fuel in the US.

mined areas

* WiLDLIFE iMPACTS: Greenhouse gases, mercury, other for leaks of gas and inants; gr gas
pollutants, acid rain, ocean acidification, habitat loss ocean acidification
related to mining + AcTron: Enforce safeguards to water supplies and
+ ACTION: Tnn:no‘n w© other fuels when poshle- sensitive habitaes; prevent collisions by requiring
develop gies 1o reduce or ships to slow down when endangered
emissions; reforest and reclaim whales are nearby

WIND

SHARE CF ENERGY USE: SHARE OF ENERGY USE
0.5 percent 8.5 percent SOLAR
* ApvaNTAGE: Renewable; zero emissicas + AovaxTace: Generates electricity on a large scale with no SHAKE OF ENERGY USE- ‘
* WiLDLIFE IMPACTS: Birds may strike turbine blades and greenhouse gas emissions % )
towers; bats are also trapped and killed by wind vortices * WiLpLirx iapAcTs: Habitat loss associated with fuel extrace <0.5 percent
* AcTion: Use data on migration pathways to tion, pr ing, waste Iy siting, and infr. * ApvanTaGE: Renewsble; 2610 emissions
inform decisions about siting shoet. and Jong-term rel of radi ial * WILDLIFE IMPACTS: Large-scale application

+ AcTion: Contain radioactive materials at all in natural areas, such as deserts, could cause

stages of the fuel cycle habitat loss
* AcTion: Site installations on existing
o and already-developed

¥

land

BIOMASS

SHARE OF ENERGY USE:

3.9 percent
+ AovANTAGE: Renewable and carbon neutral, with cleaner
emissions than from fossil fuels
* WiLoLire ivpacTs: Agricultural land set aside for conserva.
mmumtuwnngwm-cmpsﬁorbnﬁ;ds
+ AcTion: Condu ch on ethanol production from

crops that are more sustainable and plvnd: more PETROLEUM
wildlife habitat than carn SHARE OF ENERGY USE:
37.1 percent

* ADvANTAGE: Fuels from petroleum are portable
and light for the amount of energy they contain, making them the
fuel of choice for motoe transportation as well as other uses
* WiLowire iepacTs: Habitat loss related to drilling and infrastruce
ture; oil spills; acid rain and ocean acidification; noise from under-
sea exploration can disrupt animal communications
+ AcTion: Reduce noise from underwater energy exploration

HYDROELECTRIC

SHARE OF ENERGY USE:

in biologically critical habitats and during biologically 2.5 percent
critical seasons (e.g., mating, calving, feeding): g = - ge-sc
avoid sensitive terrestrial habitats m"‘:ﬁ;ﬁ‘m‘x -

sWiLoLirx ieracTs: Inundation of riparian habitat for

reservoirs; disruption of aquatic ecosystems, espe-
cially for migratory fish such as salmon
* AcTion: Identify sensitive wildlife
and mitigate impact




Tru € Or In 2013, the United States (with 5%

. of the global population) consumed
fa I Se. 18% of the world’s energy.

Energy use

Enargy usa per capita, 2013
(kilograms of oil equivalent)
B 5.000 or more

I 2,500-4,999

[ ]1.000-2,499

[ | 500-209

[ | Less than 500
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Source: US Energy Information Administration



Estimated U.S. Energy Consumption in 2019: 100.2 Quads B Lawrence Livermore
National Laboratory

Net Electricity 0.05

Solar Imports —~
1.04 0.65 AN

Nuclear
8.46

24.2

Hydro
25 :
417 Rejected

Residential Energy

A
Wind : 11.9
2.74

67.5

Geothermal
0.209 . . Commercial
9.41

Natural Gas
321
Industrial
26.4 Energy
. Services

32.7

Biomass
4.98 Transportation

28.2

Petroleum

36.7

Source: LLNL March, 2020. Data is based on DOE/EIA MER (2019). If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory

and the Department of Energy, under whose auspices the work was performed. Distributed electricity represents only retail electricity sales and does not include self-generation. EIA

reports consumption of renewable resources (i.e., hydro, wind, geothermal and solar) for electricity in BTU-equivalent values by assuming a typical fossil fuel plant heat rate. The

efficiency of electricity production is calculated as the total retail electricity delivered divided by the primary energy input into electricity generation. End use efficiency is

estimated as 65% for the residential sector, 65% for the commercial sector, 21% for the transportation sector and 49% for the industrial sector, which was updated in 2017 to reflect
DOE's analysis of manufacturing. Totals may not equal sum of components due to independent rounding. LLNL-MI-410527

Quad = unit of energy = 10'° (quadrillion) BTU = 1.055x10'8 Joules



I B Lawrence Livermore

Estimated Arkansas Energy Use In 2012 National Laboratory

~1200 Trillion BTU

Solar
0.14
160 _Net Electricity
Nuclear Exports
160
200
Electricity
Hydro Generation 400
G 610 Rejected
Energy
750
] -
| Residential |
0.81 : : /3.9
/
/ /”
! \ /
/ L Commercial
" = F 88
¥ ¢ / “ 3 8
// Energy
/ Services
.012 / 400
/
Industrial
280

Trans-

260 portation
280

59

2" 0.320 quad

Source: LINL 2013, Data is based on DOE/EIA-0214(2011), June 2013 If this information or a reproduction of it is used credit must be given to the Lawrence Livermore National Laboratory and the Department
of Energy, wnder whose auspices the work was performed. Distributed electaicity represents only retail electricity sales and does not mclude self-generation. EIA reports flows for non-thermal resources
(e, hydro, wind and solar) in BTU-equivalent values by assuming a typecal fossil fuel plant “heat rate.” The efficiency of electricnty production is calcudated as the total retal electricity delivered divided by the primary
energy input into electricity generation Interstate and international electricny trade are lumped into net mports or exports and are calculated using a system-wide generation efficiency. End use efficiency is estimated
for each sector as 65% residential, 65% commercial, 80% industrial and 21% transportation. Totals may not equal sum of components dee to independent rounding LINL-MI-410527

1200 trillion = 1.2x10" BTU = 1.2 Quads = 1.266x108 Joules



Conserving CONSERVATION PYRAMID

WHERE DO | BEGIN?
Energy

e Not the same
as conservation
of energy!

HEATING & COOLING
WATER HEATING

INSULATING AND VENTILATION

e Do more with
less: increase
efficiency

e Just use less:
why is this so
difficult to

understand?

LOW COST/NO COST
UNDERSTANDING







U.S. energy consumption by energy source, 2018

total = 101.3 quadrillion total = 11.5 quadrillion Btu
British thermal units (Btu)

pmmmm— 2% - geothermal
6% - solar
petroleum 21% - wind
36%

4% - biomass waste |

21% - biofuels biomasss
45%

natural
gas

31%

19% - wood

25% - hydroelectric

Note: Sum of components may not equal 100% because of independent rounding.

=, Source: U.S. Energy Information Administration, Monthly Energy Review, Table 1.3 and 10.1,

eia’ April 2019, preliminary data

US Energy Consumption By Source: 2015
Total = 97.7 guadrillion Btu Total = 9.7 quadrillion Btu

geothermal 2%
- solar 6%
— wind 1%

biomass wasle 5%

bicfuels 22% biomass
49%

wood 21%

hydroelectric 25%

Note. Sum of components may not egual 100% because of independent rounding

Not Much Changes

® What coal has lost, natural
gas has gained

® About the same
proportions in renewables

US Energy Consumption By Source: 2011

Total: 97.5 quadrillion Btu Total: 9 quadrillion Btu

Solar 1%
Geothermal 2%

Wind 13%
~ Biomass waste 5%

Biofuels 21% .
Biomass

Petroleum 36% 48%

Wood 22%

Hydropower 35%



