Review: December 11, 2:30 in GO9S
Final, 8om, December 19, Room TBA

New Stuff Since Test 2 (~¥50% of final)
Chapter 13: Springs, Pendula, Waves

Chapter 9 (more questions): Density, Pressure,
Continuity and Bernoulli Equations, Stress/Strain

Today: Chapter 10.0-10.3 only
Wednesday: Chapter 11.0-2 & 11.4-6

Old Stuff (only Chapters 2-5, the foundations)
Chapter 2: Basic problem solving with kinematics
Chapter 3: Vectors and projectile motion

Chapter 4: Newton’s Laws, Forces, Inclines, Friction
Chapter 5: Work, Conservation of Energy




If | were cold, what are some
things | could do to
create or keep heat?




Main Ideas Today

Heat Transfer
Specific Heat
Latent Heat

v

Applications:

Understanding California’s Weathe_rﬁl
& Global Climate Change

Fire-eating
Fire extinguishers

https://www.youtube.com/watch?v=7Y3mfAGVnlc
Heat Rap (A Must Watch!)




General Observations
about Heat

e
for

difference
— Bigger temperature difference bigger heat flow

— More insulation gives less heat flow for the same
temperature difference

e Heat will not flow between two bodies of th

-, Same temperaturegs 5 =




Some things are easier to heat
(specific heat capacity)

Can you think of examples?
* More water in the pot needs longer time to boil

* Alcohol/saltwater needs less energy to heat it than water

* Transfer of energy (Q - heat) is proportional to the change
in temperature (AT) x mass (m) of material x c

Q=mcAT

e c called the specific heat of a material
= 4190 J/(kg K) - very difficult to heat

— Cwater L
— ¢, =2090 J/(kg K) )
—_— —Volume
- Cmercury - 138 J/( kg K) - Very easy to heat —:esistance ¥\
(t h e rm O m ete rS) — Ability to store heat (next time)

= 2428 J/(kg K) — harder than ice

_ Cethanol



Converting Kinetic Energy to Heat

A 2000 kg car traveling at 20 m/s crashes into a
tree. If half of the kinetic energy of the car is
transferred into heat and that energy is absorbed
by t

ne car bumper, by how much is the

oerature of the bumper temporarily increased?

Q=mcAT
Searched on Google. Bumper
weight varies; let’s say 15kg.
- Specific heat of ~1800 J/(kg-K)

~ for bumper plastic
8 What information will we need?



Heat is added to a substance, but its temperature
does not increase. Which one of the following
statements provides the best explanation for this
observation?

a) The substance has unusual thermal properties.

b) The substance must be cooler than its
environment.

c) The substance must be a gas.

O
d) The substance undergoes a change of phase.
Q162



Phase changes (e.g. solid to liquid)

When heating ice into water and
then into steam, the temperature
does not go up uniformly

—Different slopes since ¢, > Cice

N stec
—Zero slope at phase changes Muycy,
BoilingfPoint  m €

(energy for change is different)

Temperature

Q=mcAT

c called the specific heat of a

material
Cuater = 4190 J/(kg K) - difficult to heat

... = 2090 J/(kg K) Time

https://www.youtube.com/watch?v=ITKIOGpn50Q Applying constant heat per second

Melting Point




Different materials store different
amounts of heat energy. N

20°C m | kg of Water 200C

l kg of Gold

N

Water takes about 30 times longer to heat than gold,
meaning it stores about 30 times more calories.




Fire Eating Demo

Vo004 -‘F-
DON'T TRY THIS AT HOME? o |

Ty —A

While | don’t encourage this at home, if you do decide to try this, here are some tips
that may help prevent/lessen an accident.

Breathe in before (prevents from: inhaling fire = bad)
Wet your lips (prevents from: burning lips = bad)
Extinguish quickly (don’t want wick hot, burning mouth = bad)
Pull long hair back (burning hair = very bad)

i ) . (burning clothes = very bad)
Clothing: Short-sleeve synthetic fabrics are less likely to catch fire



Physics of Fire-eating

Cyater = 4190 J/(kg K) - very difficult to heat
C... = 2090 J/(kg K)

Crmercury = 138 J/(kg K) - very easy to heat
(thermometers)

* The fire goes out after it

burns up the oxygen
available in your mouth

In the meantime, the
energy from the fire
goes into the latent
heat of your saliva
before it will burn your
mouth. (saliva~water)

So, as long as you close
your mouth, you won’t
burn yourself.



Energy (Q) required for phase change

Latent heat of fusion (L;) -
— solid <-> liquid GAS L M

— melting or freezing = B
- Q= irnl‘f 5 E % :% g -
Latent heat of vaporization (L) = E % %E g
— liquid <-> gas E S z
— boiling or condensing 5 LIQUID -
— Q=xmL, . =
. . e
Latent heat of sublimation (L,) % =

— solid <-> gas (rare)
— Example: fuming of dry ice

— Q=ml, SOLID

Pick sign such that it takes energy to melt/vaporize or you gain energy
by solidifying/liquidizing

Latent Heaal
o Fusion



HW: How much energy is required to
change a 40-g ice cube from ice at
-10°C to steam at 120°C?

How many terms of m ¢ AT and/or m L will we have?d’
A.1 B.2 C3 D.4 ES5 Qie3
What are they?
v steam
5 /
Q to reach melting point (mc AT) &
Q to melt (latent heat of fusion) g |BoilingPoint  mi, /|
Q energy to reach boiling point g'
Q to vaporize (latent heat of Q water
vaporization) L1 S .
Q energy to reach 120°C ice Melting Point

Time



Darin realizes he needs to use the restroom
right after he gets a new hot coffee. To have his
coffee be as hot as possible a few minutes
later, when should Darin add his room
temperature coffee creamer?

A. As soon as the coffee is served @
B. Just before he drinks it Qlel

C. Either; it makes no difference
& a

\ .} @fﬂ[l%e ; \ Q)

F ,;’;-,y'f'.u\ AT, (‘;_; - “'.rr"
i I} 4 ‘&g % a—— [ 1 | |
. L Ty \ N
/ &&-'J’@I \ /

Room temp
Hot black coffee cream Warm white coffee




Review: Heat Transfer

Laying down outside let’s you simultaneously
experience the three mechanisms of heat
transfer. What are they?




Rate of heat flow
(Conduction)

A
Energy flows from higher temp. to lower temp. (0t law)

Rate of energy transfer (P=power) depends on ?Guesses?
— Temperature difference (T,;-T,) How minimiz

— Area of contact (A) loss through

— The distance it travels (L) T
. : h
— Thermal conductivity of the material (k)

* K(copper) =385 W/(m K) good conductor

e k.., =0.02 W/(m K) good insulator

* Higher k means more heat flow

(air)

Energy transfer
for T, >T,

P in Watts, Q in Joules, t in seconds

TOIIIIIIL

P=£_pylule .
At L N

eeeeeeeeeeeee




Convection of heat

We will focus on conceptual understanding of convection only.

“Hot air rises” (and takes its Heating
heat with it!) "

— Radiators
— Cumulus clouds
— Why basements are cold

Why does hot air rise?

*Air directly above the flame is
warmed and expands (V increases)

* Thus density (p=m/V) of the air

decreases, and it rises due to a {4"‘"’"“\
buoyant force A\%




@ Radiation of Heat Energy

LETHANIOLET
LIGHT
* Light carries heat/energy Hjmﬁ

™, LIGHT
h*

(e.g. sunlight heats the earth) wmaa

* Light radiation does not requ|re
physical contact

* All objects radiate energy
continuously in the form of =
electromagnetic waves (light ,
waves) due to thermal vibrations of ¢

atoms
* The Earth is an object! (a big one)

o '__,";f-




Greenhouse

What is a

Effect?

During the day, the energy from the sun i
is absorbed by the things on Earth (us, plants, etc).

Just like your car interior, these things reemit the energy
in the form of infrared radiation (what you see with night

vision goggles)

The atmosphere acts a lot li
the infrared (and therefore

Why it doesn’t get super co

ke your car windows, keeping
neat) on our planet.

d at night, unlike the dark

side of the moon (-280° F). Also why it doesn’t get super
hot either (bright side of the moon is 260°F).

So far, the greenhouse effect sounds pretty good, huh?



Global warming: Causes and effects

Earth's temparature has risen

During the past 100 yvears
about 1 degree Fahrenheitin_ Y - dlobal sea lavels have risen
the kst century, The past =~ = 4 1o B Inches.

50 yaars of warmming Em s frd :

has been - emissions that rise inlo the
" il nl e t. - Tp[ B = _.' . e ]
:mm-.'m ° il Aurning fuels suchas ™ g pingtioal  guciill
coal, natural gas and FORY GaCaping, of the war|d'ss
oll produces green- smissions are |
house gases in The United States attributed 1o the
excassive wab responsible Unied States’ &
AMOUNts. A far 20 pearcent of large-scake s
. , tha glalbal R of fuedsin
greanhouse gases W vehicles and
emitied in 1907, -I-_E"-'—tﬂr'll!!:i.
S,

b

——— Some p-redi[:t-i-:rnﬁ-
tor local changes

inciude
increaamghy hot
summers and
intenza
Fm-:!emtq-rm__
RICHARD A, X
MULLER e
ey S _...!.:.'; .'!
> i ~ A 'EF&&::'_'E T D, i
Damaging sterms, droughts and related weathar phanomana
Causa an i Base in economic and health problems. Warmer

weathar provides breeding grounds for msecls such as
malaria-carrying mosquitoes,




Regardless of the cause
of Global Warming

* Warmer air can make and hold more water vapor, which

means more frequent and longer droughts, as well as
more severe floods.

* Leads to less reliable food supply and higher food prices

* Hotter temperatures means increased intensity of
storms (hurricanes, tornadoes, snow)

* Also hurts our ability to produce
energy. Coal, hydroelectric and




Overview of Geological Storage Options ]| e——— Droduced oil o gas

1 Depleted oil and gas reservoirs sessresesncecssss  |njected CO,
2 Use of CO, in enhanced oil and gas recovery ik B m Stored CO.
3 Deep saline formations — (a) offshore (b) onshore :
4 Use of CO, in enhanced coal bed methane recovery

5 Deep unmineable coal seams

6 Other suggested options (basalts, cil shales, cavities)

-
——
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How do we stop it?




3 facts tell us that global warming is real

* Certain gases in the atmosphere, including carbon
dioxide (CO,), keep heat from escaping into space.

* Second, measurements show that there is more CO,
now than before humans started using fossil fuels. And
the amount of CO, is increasing each year.

SREL YOU ENVIRONMENTALISTS \
WAVE GOT 1O UNDERSTAND

IS AWE DESTRUCTION OF 1HE
PLANET MAY BE THE PRICE
wE RANE TO PAY FORA
REALTHY ECONOMY /

B L rratad I ontons

(It doesn’t really matter if we
are the reason for this. Comes
from nature too, but results are
bad regardless.)

*Third, measurements show that
the average temperature on
Earth is heating up.



You wish to increase the temperature of a
1 kg block of a certain solid substance
from 20°C to 25°C. The block remains a
solid (no melting) as its temperature
increases. To calculate the amount of heat
required to do this, you need to know:

A. the specific heat of the substance.

B. the molar heat capacity of the substance.

C. the heat of fusion of the substance.

D. the thermal conductivity of the substance. @
E. more than one of the above. Q167




A glass of water contains 0.2 kg of
liquid water and 0.2 kg of ice at 0°C.
f) You let heat flow into the pitcher
until there is 0.3 kg of liquid water
and 0.1 kg of ice. During this
process,

A. the temperature of the ice-water mixture increases slightly.
B. the temperature of the ice-water mixture decreases slightly.
C. the temperature of the ice-water mixture remains the same.

D. The answer depends on the rate at which heat flows. KIO'

Q164



s
HOW

The Bay Effect

The high specific heat of

water causes moderate

temperatures in regions
near large bodies of water.

In the winter, the warm
water transfers energy to
the cold air, and wind
transports this energy.

In the absence of large
amounts of water, the cold
air would more effectively

cool the environment.

Also explains why never
too warm in San Francisco.




Main Ideas in Class Today

You should be able to:

* |dentify the 3 ways to transfer heat
(mostly conceptually except conduction)

* Calculate heat flow using specific heat

* Understand some specific examples (such
as global warming)

Extra Practice: 11.1, 11.7, 11.9, 11.11, 11.15,
11.27,11.29, 11.31



Transferring heat energy

* 3 mechanisms

— Conduction

* Heat transfer through material

— Convection
* Heat transfer by movement of hot material

— Radiation
* Heat transfer by light

LN W W N
DR o W
W

Radiation \




A chair has a wooden seat but metal
legs. The chair legs feel colder to the
touch than does the seat. Why is this?

A. The metal is at a lower temperature than the wood.

B. The metal has a higher specific heat than the wood.

C. The metal has a lower specific heat than the wood.

D. The metal has a higher thermal conductivity than the
wood.

E. The metal has a lower thermal conductivity than the

wood. B¢ @
' Q165




Nucleus “‘

Conduction in most solids (insulators) Electrons
— Heat energy causes atoms to vibrate (bonds like springs)
— A vibrating atom passes this vibration to the next atom

Conduction in metal
— A metal’s electrons are less bound to nucleus than in an insulator

— Electrons travel through metals (conduction) and carry their heat
energy with them

— Metals are good conductors of both heat and electricity due to
having electrons that can relatively freely move around

Rate of conduction depends upon the characteristics of the material



Why is water often used as a coolant in automobiles,
other than the fact that it is abundant?

a) Water expands very little as it is heated.

b) The freezing temperature of water has a relatively
large value.

c) The specific heat of water is relatively small and its
temperature can be rapidly decreased.

d) The specific heat of water is relatively large and it can
store a great deal of thermal energy.
g gy @

e) Water does not easily change into a gas. Q166



Using condensation to transfer energy

Steam has two contributions to its
stored thermal energy

—The energy it took to heat it to Turning water into

o ] steam is a thermally
100°C (large because c is large) efficient way of

water cooling things down

—The energy it took to turn it from
water at 100°C to steam at 100°C
(Latent Heat of Vaporization )




Why Specific Heat?
Profile of Frances Hellman

&
/ Physics Professor at University of California, Berkeley
Past chair of the physics department

“My research group is concerned
with the properties of novel
magnetic and superconducting
materials ... We use specific heat,
magnetic susceptibility, electrical
resistivity, and other
measurements as a function of
temperature in order to test and |

develop models for materials = -
which challenge our N -
understanding of metallic Critical for heating in computers,
behavior. cars, solar panels, etc.




How a fire
. . As water reaches the burning
extinguisher works material, it vaporizes.

While vaporizing, it extracts the
latent heat (energy) from the
burning element, thereby
reducing the temperature.

As it vaporizes, steam expands.
The expansion AV is ~¥100V,. The
g | #jﬁ | 8 need for higher volume of steam
TR TR % ~ (vaporized water) displaces oxygen
E - from the vicinity of the burning
-~ material, thus, cutting off the
| oxygen supply (one necessary
ingredient for fire).

Fire = Heat + Fuel + Oxygen



* You pokeal.2m long,
10mm diameter copper
bar into molten lead

e How much heat energy
flows through the bar to

you?
— Lead melts at 600K
- k (copper) = 385 W/(m K)

Conduction
Example

P =k A (AT/L)

Need temperature difference along rod
AT =600 - 311 (room temp) = 289K

A=m x r’=3.142 x 0.0052 =0.000078m?

P =k A (AT/L)
=(385W/Km)(0.000078m?)(289K)/1.2m
= 7.3 units?

Units = {W/ (mK)} m? K/ m = Watts



Conduction in the Kitchen

* Hot atoms vibrate more (near burner)

* These electrons collide with adjacent
electrons and transfer some energy

* Eventually, the energy
travels entirely through

the pan and its handle

* This is why many handles
are insulated (too hot!)




Convection Cooking

Pan handle is
an insulator and

doesn't conduct

E:::’t:d heat very well.
in the pan by
convection. '
The hot soup - _
rises. Cool : :
soup falls to " ® | Heatenergy
take the hot F from the stove
soup's place. is transferred
to the pan by
conduction.

if touching burner.



The evaporation of perspiration is the primary
) . . . . . . o
echanism for eliminating heat during exercise. &%

" ¥R 60.0 kg runner expends 300 W of power while™¥
running a marathon. Assuming 10.0% of the energy is
delivered to the muscle tissue and that the excess
energy is removed from the body primarily by
sweating, determine the volume of bodily fluid
(assume it is water) lost per hour. (At 37.0°C, the
latent heat of vaporization of water is 2.41x10° J/kg.)



Rub-a-Dub-Dub, Kids in the Tub

“Thrashing” around in the bath should
water. How much will the water heat u
minute of “thrashing”? Estimate the

neat up the
0 after one
oower of

thrashing as = 500W. (Reminder: Power=Energy/time)

Mass of water is 1000 kg per m?
Estimate volume of water = 0.5 m3

AT = Q/mcwater water_4190
AT =Q/(.5 x 1000 x 4190)
Q related to work, W=PAt

J/(kg K)

AT =500 x 60s /(500 x 4190)

AT = 0.015°C (Not much!)



Technically, heat capacity changes with
temperature (not just the phase), but
we typically take an average

Maximum

120

Minr‘mum
60 investigated temperature span

m/ ice
'--_'-'_---

?80 200 220 240 260 280 300 320
Temperature [K]

e |

cp [J/mol*K]




