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(1H.L2.1) Familiarize Stage

Thursday, March 29, 2018 8:34 PM

1st Law and Heat (1H)

Familiarize Stage:

Pre-lecture 2: Specific Heat, Phase Transformations, Calorimetry

Reading
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Lecture Videos
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Example Problems

1. Watch
Simulations
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Other Suggested Content
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Practice
1. Try

Homework

1H.L2.1-01
Description: Infographic quiz heat equation - label matching

Learning Objectives: [x,xx,...] Put the learning objective numbers here
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Problem Statement: Match each term in the equation with the correct description from the following list.
(1) Mass, (2) Change in temperature, (3) Heat, (4) Specific heat

(a) (B) {c)
‘0 = mcAT

id)

Answer: (a) Heat, (b) Mass, (c) Change in temperature, (d) Specific heat

Description: Infographic quiz specific heat - label matching

Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: Match each term in the equation with the correct description from the following list.
(1) Change in temperature, (2) Change in energy, (3) Specific heat

1 AE
C mAT
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Answer: (a) Specific heat, (b) Change in energy, (c) Change in temperature

Description: Understanding specific heat

Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: What is specific heat?

(1) The specific heat is the amount of heat needed to change the temperature of 1 kg of a
substance by 1o F

(2) The specific heat is the amount of heat needed to raise the temperature of 1 kg of a
substance by 100 C

(3) The specific heat is the amount of heat needed to lower the temperature of 1 kg of a
substance by 1o F

(4) The specific heat is the amount of heat needed to raise the temperature of 1 kg of a
substance by 10 C.

Answer: (4)
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1H.L2.1-04
Description: Understanding specific heat

Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: What does specific heat depend upon?

(1) Specific heat depends upon the volume of the substance and its phase.
(2) Specific heat depends upon the physical properties of the substance and its phase.
(3) Specific heat depends upon the mass of the substance and its phase.

(4) Specific heat depends upon the mass of the substance and its volume.

Answer: (2)

1H.L2.1-05
Description: Assumptions during a calorimetry experiment
Learning Objectives: [x,xx,...] Put the learning objective numbers here
Problem Statement: An unknown hot metal object is placed in cool water and the two are allowed to reach
equilibrium. In a calorimetry experiment the temperature changes and masses of the two substances can be

used to determine the specific heat of the unknown metal. What is the main assumption in this calorimetry
experiment?
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(1) No work or heat transfer occurs on the combined (water + metal) system

(2) No work occurs on the combined (water + metal) system but heat is transferred into or out of
the system

(3) The net change in heat transfers of the individual metal and water systems is zero

(4) The net change in heat transfers of the individual metal and water systems is not zero

Answer: (1), (3)

Description: understanding heat transfer and phase change

Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: What is latent heat?

(1) It is the heat that must transfer energy to or from a system in order to cause a mass change
with a slight change in the temperature of the system.

(2) It is the heat that must transfer energy to or from a system in order to cause a mass change
without a temperature change in the system.

(3) It is the heat that must transfer energy to or from a system in order to cause a phase change
with a slight change in the temperature of the system.

(4) It is the heat that must transfer energy to or from a system in order to cause a phase change
without a temperature change in the system.
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Answer: (4)

1H.L2.1-07
Description: Infographic quiz transformation vaporization - label matching

Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: Match each term in the equation with the correct description from the following list.
(1) Latent heat of vaporization, (2) Mass, (3) Heat of vaporization

{a) (b) [e]

Q, = tmL,
Answer: (a) Heat of vaporization, (b) Mass, (c) Latent heat of vaporization

1H.L2.1-08

Description: Infographic quiz transformation fusion - label matching
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Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: Match each term in the equation with the correct description from the following list.
(1) Mass, (2) Latent heat of fusion, (3) Heat of fusion

{a) (b) fe)

Q; = +ml;

Answer: (a) Heat of fusion, (b) Mass, (c) Latent heat of fusion

Description: Heat of fusion versus Heat of vaporization

Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: What is the difference between heat of vaporization and heat of fusion?

(1) Heat of fusion is a measure of energy transferred during the transition from a solid to a liquid
(or vice versa) while heat of vaporization is a measure of energy transferred during the transition
from a liquid to a gas (or vice versa).

(2) Heat of fusion is a measure of energy transferred during the transition from a liquid to a gas

https://oregonstateuniversity-my.sharepoint.com/personal/walshke_oregonstate_edu/_layouts/15/Doc.aspx ?sourcedoc={21ea6c25-5fab-4328-8956-a6e93b96d5f1 } &action=edit&wd=target%28 Thermodynamics.one%7Cba...  7/8
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(or vice versa) while heat of vaporization is a measure of energy transferred during the transition
from a solid to a liquid (or vice versa).

(3) There is no difference between the two

Answer: (1)
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(1H.L2.2.s0ls) Foundation Stage Solutions

Tuesday, January 29, 2019 10:07 AM

15t Law and Heat
Foundation Stage (1H.L2.2)

Lecture 2
Specific Heat, Phase Transformations, Calorimetry

Thermodynamics Timeline

. - nd P
Microscopic 15t Law and Heat 2" Law and Thermodynamic
Model of Gases Entropy Processes and Cycles
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Textbook-ChaptersTcarcomzversom
o BoxSand :: KCvideos ( 1%t Law of Thermodynamics )
o Knight (College Physics : A strategic approach 37) ::
o *Knight (Physics for Scientists and Engineers 4th) ::
o Giancoli (Physics Principles with Applications 7th) ::
Warm up
Description:
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Learning Objectives: [?] - Can you identify the objectives from the previous lecture, and this lecture, that this question is relevant to?

Problem Statement: Consider a two spherical objects of equal mass that are resting on a table in thermal equilibrium with the
environment; one object is made of Adamantium and the other of Kryptonite. The first law of thermodynamics tells us that we can
increase the thermal energy of each object by doing work on it or via heat. During an experiment during which Dr. Strange increased the
temperature of each object by 1 K, he observed that it required different amounts of thermal energy to increase the temperature by the
same amount. Discuss with your neighbors a possible explanation for Dr. Strange's observation.

Selected Learning Objectives

1. Coming soon to a lecture template near you.
Key Terms

Temperature

Thermal energy

Thermodynamic equilibrium

Specific heat

Solid, liquid, and gas phases

Heat of transformation (vaporization, fusion)
Melting point

Boiling temperature

0O O O O O O O O
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Key Equations

Specific Heat, Phase Transformations, Calorimetry

Specific heat is essentially the amount of energy necessary to raise the temperature of a certain amount of a substance. Specific heat is usually used for
solids and liquids (we explored how the temperature of gases changes last week). If no external work is being done on the substance, then the change
in energy is provided by heat.

c= 1AE_1 QO
- m AT  m AT

The three phases we will study are solid, liquid, and gas. A common example of one substance exhibiting these phases is (water) ice, liquid
water, and steam. When a solid reaches the temperature at which it begins to melt into a liquid, additional energy is necessary to break
apart the bonds of the lattice (atoms in a solid are arranged in a rigid repeating pattern called a lattice). Therefore additional energy added
to the solid will not raise its temperature. The amount of energy necessary to convert a solid into a liquid (per amount of substance) is
referred to as the "latent heat of fusion" and is given the symbol L;. The total energy necessary to convert a given amount of substance is

then given by:
Qr = xmly

Similarly the amount of energy necessary to convert a liquid into a gas (or a gas into a liquid) is called the "latent heat of vaporization."

Qv = +mlL,

The sign of the necessary energy depends on whether you are transforming from solid to liquid (+), liquid to solid (-), liquid to gas (+), or
gas to liquid (-).

Key Concepts

https://oregonstateuniversity-my.sharepoint.com/personal/walshke_oregonstate_edu/_layouts/15/Doc.aspx ?sourcedoc={21ea6c25-5fab-4328-8956-a6e93b96d5f1 } &action=edit&wd=target%28 Thermodynamics.one%7Cb...

3/14



1/17/2021

OneNote
(@)
Questions _ AE™
Act I: Specific Heat * ?oAT

1H.12.2:02: ¢
AE'»H;/\,(:L@ = medT

Description: Non-quantitative. (3 minutes)

Learning Objectives: [7] &= et

Problem Statement: For which of the following situationsis AET" W T the correct expression to describe the change in
temperature due to thermal energy transfer?

F_ ~/ ‘W "-;O W=e

Brakes stopping your car. -
T3 o ~ W
Your refrigerator cooling your Jell-O.
l g gy ~ W20
(3) Heating up some leftovers in your microwave.
- ~ W X0

(4) Rubbing your hands together to warm them up on a cold day.

Description: Temperature change due to thermal energy change in a solid. (3 minutes)

Learing Objectives: (7
C )

e
Problem Statement: How much energy must be\‘e«me{ed from a 200 g block of ice to cool it from 0°C to -30°C? The specific heat of ice is
2090 J/(kg K). 7 /) Vi

4 4
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o A8 "= m ¢ ATC

(1) 10,5001

(2) 12,5007 _ ) .

(3) 10,500,000 = @.10@)62,770 T )(—3@ ( ~0°C )
(4) 12,540,000 Kok

(5) 14,520,000

At = 12540 Y

IE a0

1H.L2.2-04:

Description: (3 minutes) T
M SConSTA!

——

P
Problem Statement: 100 g of each of the following materials is heated. Each material gets the same amount of
mat@ will increase in temperature the most?

rnqal energy. Which

(1) Copper Material | Density |Melting Point
(2) Magnesium

o o] o
(3) Aluminum . Copper |8.96 g/cc 1085 °C 385 J/kg°C /401 W/m°C
ARV = m¢e /( T Magnesium | 1.74 g/cc 650 °C 1 g°C | 156 W/m°C
Aluminum |2.70 g/cc 660 °C 897J/kg°C | 237 W/m°C

AT= (A’,E;)é o AT <
P,

Con MY
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Eact

Act lI: Phase Transformations

Description: (3 minutes)

Learning Objectives: [?]
a)

Prot;l“e/m Statement: The graph shows the temperature as a function of energy supplied to 1 kg of H,0. If 200 kJ jof energy is added, will

the temperature rise more during the solid or liquid pf‘f‘é@é?“‘lL
L,T_éul‘_o

(1) Solid
(2) Liquid
150 1 423
—_ i T A hase Tdnsition from Water|to Steam —_
O 100 } 1 373 9
g .[ K] o
=
2 50 323 S
© ©
o ATH 1K o
o 3 o
QEJ 0 Phase 273 E
= ansition |9
’I_(} A fro‘£\
]
20 lseito Water 223
5019
-100 - — ~ — ~ — — - 173
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v Q\) 0\) Q\) Q\) Q\) Q\) Q\)
N N S . R ¢
Energy Supplied ( k] )
[
C=- [E‘,}F c= 1:(1' . 5’— 3 c = ~
~ AT CoP SewhE

7
1H.12.2-06:

Description: (3 minutes)

leariknd Obiectives: 7

‘ Problem Statement: Which has a larger specific heat, the solid or liquid phase? ‘

AT
Slofk = —
(1) Solid AR™
(2) Liquid
150 / 423
~——|
_ / Pha';QTr @;ioifrénj\la rito Steam —
o 100 = / 373
Q )
sl
2 50 323 S
© / o
o
O —
o S
GEJ 0 Phase 273 GE)
Transition
= fro‘£\ =
Ice to Water
-50 223
—1000 173
(8] QO QO N (\) (\) (M)
\) ) ) ) ) QO S}
I N v O
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Description: (3 minutes)

OneNote

=~ CoN STV,

Problem Statement: H,O is initially at -100 °C. It is put in a microwave that deposits energy at a constant rate. Which is larger?

A E]‘” A Eﬂ*

Tk = %I'SL - Ct
(1) The time'interval between the start-and when the /
wate;{[s—k%tieiy liquid. A_,_ 150 TEm
go!’k —_> L) I'L "'& L —a C‘
27
(2) The time interval between when the water starts to N ;
boil and when it is entirely gas. 8 100 Phase Transition from Water|to Steam
o Th
Seo vy B 5050 KT - A'E'.’L—'k
(3) Bothrarethe same. A g
2 50
A+1 —L ‘.]_ﬁotz,‘—* ) o
(]
g o
A -‘- - loio |C|_) Tr:r'::i.i?on
Bote —= - A+ from
q 550 I - L
50 Ice to Water
A+%m_~aq a A'+I"° L -100
N o N) N o N} )
I N N S N N S
A N S A D o
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G1 Gugy
1H.12.2-08: = ml
O So Qp =<Lle Qg7 mbr
D tion: F t-h ti 3 minut
escription: For at-home practice (3 minutes) LT&*U!J)

Learning Objectives: [?]
@-

-
Problem Statement: Samples of two pure substances are heated at a constan%%‘ib, azidjéir temperature ds & function of time is
recorded. Both substances started as solids and melted. The mass of the two samples'isthe same.

——— T —_— @__ v
- &

SoL}D
(a) latent heat of fusion of substance A is the latent heat of g A Q.(: =M (.J.‘
fusiom of substance B. I
o
(1) greater than 8_
(2) less than -
(3) equal to @
Substance A
(b) The melting point of substance A is the melting point of O / >
substance B. _— Time
|_— Substance B
(1) greater than

(2) less than
(3) equal to

(y o

O
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Description: (?rminu_'@s) o RN
i AR —emLe t MOy AT
m — @'
I - I b yd .
‘ Problem Statement; How much energy rfiust be removed from 200 Eéﬁr&mfﬂﬁe&&c})&lm fvror\vg/npj té"'?,b t{b?lokg_)( 20 74 % . (~30 C ey )
- . < | I ,
~ — b&eo T
b = — (2590 T
(1) 32,500 ) AF o )
(2) 12,500 ) Cice = 2090 J/(kg-K)
(3) 65,310 — - N
(4)81,554 VAL AL AN L¢=3.33 x 105 J/kg
(5) 79,100 - T .
L, =22.6 x 10° J/kg
KEouta
(P

NER s T2 E)E B&mrﬁi}/ﬂ SuaThy

@ $95v8,
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0 Act III: Calorimgtiy)

_—/\—
M2t -

i N
Descriptier: (3 minutes)  \ 7
—E. o% / /\)()G.T_Juc‘\éb\

7 LV / ’/EJ/)N \ =

‘ Prot]Iem Statement; For which one of the following systems would a Calotinfe

ry analysis be appropriate?

| / [ S
Ll
(1) Acube of icwopped into coffee in an aluminum fup. Nyt

(2) A cube of ice dropped into coffee in an insulated thermes.

~

ASSonE TPSULD

2

O
O _

Description: (|

ASynE =2

PAV- S 6‘\' bbT
|\ A

/

CL/MLATL + Co\;mw JTW Zo

|
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Problem Statement: Hot lead is put into water in a Styrofoapd cup. The lead and water come to equilibrium without any steam
being produced.
% LG =0

(a) Which offthe @'IQwi'(ﬁg @awﬁeﬁ’ts

(1) The water I(@

temperature as

(b) Which of the following equations would best describe the
situation?
s/gains the same amount of

dlead gai ses.

(1) Comp, AT, + Cymy ATy =0
(2) The water loses/gains the same amount of energy as
the lead gains/loses.

(2) Comp, AT, — Cymwy ATy =0

Cm AT, + Coymuy AT, =0

Ws)(0-)(tp~teo) + {186)(6.5) (Te-a) =0

~ ~ ~ =~

(c) Suppose the lead is 100 grams and initially 100 °C before being placed into 0.50 kg of water initially at 20 °C in a Styrofoam cup.
Calculate the final temperature.

cL =128 J/kg K

cw = 4186 J/kg K
1H.L2.2-12:

Description: (3 minutes)

Learning Objectives: [?]
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Problem Statement: Objects A and B are brought into close thermal contact with each other, but they are well isolated from their
surroundings. Initially Ta = 0 °C and Tg = 100 °C. The specific heat of A is more than the specific heat of B. The two objects will soon

reach a common final temperature Ts. The final temperature is?

M: AE“‘Z_”H
@ T¢g>50°C ~ ::_
(2) Tf<50°C S0
(3) Tf=50°C iAF“:O
6r.

W

AV . = ~4E)

C, 7o C
%/Qm % ColTy g ’

—— = = 5 (A (e

E)LaéE.s ol T o A Caws  So

F'r 2 $o°c

Conceptual questions for discussion

a.
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Hints

1H.L2.2-01:

1H.L2.2-02:

1H.L2.2-03:

1H.L2.2-04:

1H.L2.2-05:

1H.L2.2-06:

1H.L2.2-07:

1H.L2.2-08:

1H.L2.2-09:

1H.L2.2-10:

1H.L2.2-11:

1H.L2.2-12:
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(1H.L2.3) Practice Stage

Thursday, March 29, 2018 8:34 PM

1st Law and Heat (1H)

Practice Stage:

Post-lecture 2: Specific Heat, Phase Transformations, Calorimetry

Reading
1. none

Lecture Videos
1. none

Example Problems

1. none
Simulations
1. none

Other Suggested Content
1. none

Practice
1. none

Homework

1H.L2.3-01a

Description: Calculate volume in SI.
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Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: A typical ice tray can make 14 ice cubes. The dimensions for each bine are the
following: L=1.50 inches, W = 1.25 inches, H = 1.00 inches. We eventually wish to determine how much
thermal energy must be removed by a freezer to make ice at 0 degrees Celsius if the initial temperature was
10 degrees Celsius. What is the volume of the water in the ice tray in Sl units?

(1) 1.875in3
(2) 3.07x10°m3
(3) 4.30x 104 m3
(4) 26.25in3

Answer: (3)

1H.L2.3-01b
Description: Calculate mass given volume and density.

Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: A typical ice tray can make 14 ice cubes. The dimensions for each bine are the
following: L=1.50inches, W = 1.25 inches, H = 1.00 inches. We eventually wish to determine how much
thermal energy must be removed by a freezer to make ice at 0 degrees Celsius if the initial temperature was

10 degrees Celsius. The density of water at these temperatures is about 1000 kg/m3. What is mass of the
water in the ice tray in Sl units?

(1) 0.430 kg
(2) 0.2625 kg
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(3) 0.307 kg
(4) 0.1875 kg

Answer: (1)

1H.L2.3-01c
Description: Thermal energy and specific heat calculation.
Learning Objectives: [x,xx,...] Put the learning objective numbers here
Problem Statement: A typical ice tray can make 14 ice cubes. The dimensions for each bine are the
following: L=1.50 inches, W = 1.25 inches, H = 1.00 inches. How much thermal energy must be removed by

a freezer to make ice at 0 degrees Celsius if the initial temperature was 10 degrees Celsius? Assume the tray
has a very very low specific heat.

(1) 9721

(2) 143000
(3) 42001
(4) 420000

Answer: (2)

1H.L2.3-01d

Description: Unit conversion.

https://oregonstateuniversity-my.sharepoint.com/personal/walshke_oregonstate_edu/_layouts/15/Doc.aspx ?sourcedoc={21ea6c25-5fab-4328-8956-a6e93b96d5f1 } &action=edit&wd=target%28 Thermodynamics.one%7Cba...  3/6



1/17/2021 OneNote

Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: How many joules is 1 kW-hr (kilowatt-hour)?

(1) 1J

(2) 361

(3) 3601

(4) 3600000 J

Answer: (4)

1H.L2.3-01e

Description: Unit conversion.

Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: If electricity costs 15 cents per kWhr, how much money does it cost to freeze the ice in
the tray? Assume that the freezer is 100% efficient.

(1) about 42 cents
(2) about 2 cents
(3) about 1 cent

(4) about 1/2 a cent

Answer: (4)
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1H.L2.3-01f
Description: Unit conversion.

Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: If the freezer is 50% efficient, how much does it cost now?

(1) about 42 cents
(2) about 2 cents
(3) about 1 cent

(4) about 1/2 a cent

Answer: (3)

1H.L2.3-02
Description: Calorimetry.
Learning Objectives: [x,xx,...] Put the learning objective numbers here
Problem Statement: The specific heat of liquid mercury is 140 J/kg-K. When 1.00 kg of solid mercury at its

melting point of -39.0 C is placed in a 0.50 kg aluminum calorimeter filled with 1.20 kg of water at 20 C, the
final temperature of the combination is found to be 16.5 C. What is the heat of fusion of mercury in J/kg?

(1) 6200 J/kg
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(2) 19200 J/kg
(3) 11400 J/kg
(4) 9830 J/kg

Answer: (3)
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