(1H) Evan's Space

Tuesday, January 29, 2019 10:01 AM
Thermodynamics
Foundation Stage (1H.2.L2)

Lecture 2
Specific heat, Phase transformations, calorimetry
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Textbook Chapters (* calculus version)

BoxSand :: KC videos ( 1° Law of Thermodynamics )
Knight (College Physics : A strategic approach 3™) ::
*Knight (Physics for Scientists and Engineers 4th) ::
Giancoli (Physics Principles with Applications 7t") ::

O O O O

Warm up

Description:

Learning Objectives: [?] - Can you identify the objectives from the previous lecture, and this lecture, that this question is relevant to?

Problem Statement: Coming soon!
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https://boxsand.physics.oregonstate.edu/ph202/thermodynamics/1st-law-fundamentals

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

O O 0O O 0 O O O

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. Spedfic 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.

1AE 1 Q

T mAT  mAT

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:

Qp = tmly

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."

Qy, = tmlL,
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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

(e]

Questions

Act I: Specific Heat

Description: Non-quantitative. (3 minutes)

Problem Statement: For which of the following situations is AE = Q = mCAT the correct expression to describe the change in

temperature due to energy transfer? —
(’1/) Brakes stopping your car
(2) Your refrigerator cooling your Jell-O Lor )< —> sT

1
“ (3) Heating up some leftovers in your microwave
(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)

Problem Statement: How much energy must be removed 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).

|1| 1olsom AE = (M AT

(3) 10,500,000 J
(2090 fz\ (Ol ky ) (-3¢ ‘>

(4) 12,540,000
(5) 14,520,000
125007

(\

1
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Description: (3 minutes)

Problem Statement: 100 g of each of the following materials is heated. Each material gets the same amount of heat. Which material will

increase in temperature the most?

Material Density Melting Point C Conductivity
Copper 8.96 g/cc 1085°C 385J/kg°C 401 W/m°C
Magnesium 1.74 g/cc 650°C 1020J/kg°C 156 W/m°C
Aluminum  2.70 g/cc 660°C  897J/kg°C 237 W/m°C

(1) Copper

(2) Magnesium
(3) Aluminum

AE = cm AT
E
AT= CA,E '(Am—
| I
same
for
a,cl\

Act Il: Phase Transformations

Description: (3 minutes)

Problem Statement: The graph shows the temperature as a function of energy supplied to 1 kg of H20.
If 200 kJ of energy is added, will the temperature rise more during the solid or liquid phase?

/-\ Changing state from water to steam

Temperature [I°C

1500 2000
Energy Supplied /kJ
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\A_Efy Energy supphled /KJ

Giquid

Description: (3 minutes)

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

200 473

423

o0 / Changing siate from water to steam
1

2 x
£ s =_§£ E
E 50 Df(' Aﬁ a2 g
£ \ g
2 ] R =
e
0 c b Mass 5\9?6 o7
from ice to water \
/
-50 :7 C ¢ 5"’(‘ 223

100 173
0 500 1000 1500 2000 2500 3000 3500
Energy Supplied /kJ
AE= cm BT

1) Solid
~ | DE > small €
=m T O e AP

Description: (3 minutes)

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

200 473

150 }—,- A E‘L . 423

Changing siate from water to steam

[S]
F :
£ E
F 5o 23
g 3
5 5
& 2
] 973
Changing
from ice to r
-50 22
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173

0 1000 1500 2000 3500

Energy Supplied /kJ

(1) The time interval between the start and when the water is entirely liquid.
e —

The time interval between when the water starts to boil and when it is entirely gas.

(3) Both are the same. —

Description: For at-home practice (3 minutes)

Problem Statement: Samples of two pure substances are heated at a constant rate, and their temperature as a function of time
is recorded. Both substances started as solids and melted. The mass of the two samples is the same. The latent heat of fusion of
substance A is the latent heat of fusion of substance B.

V£
' Temperature, °C P @

'&Q'/

Huhstance &

| 6&5

p\cpc;nj Titne
Yemp

of &

1) Greater than
(2) Less than

(3) Equalto

Q/ﬁ =2 r\'L;

Problem Statement: The melting point of substance A is the melting point of substance B.

(1) Greater than

(2) Less than
(3) Equal to
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Description: (3 minutes)

Problem Statement: How much energy must be removed from 200 g of liquid water to cool it from 0 °C to -30 °C?

.,r

(1) 32,5001 Cice = 2090 J/kg K

g; e L= 3.33 x 10° J/kg

(4) 81,554 Ly =22.6 x 10° J/kg

(5) 79,100 R Freezing

o'c 1+
AE = —m L1° - G AT £
; : coolin the
rece) ;2 o — MF

Act lll: Calorimetry

Description: (3 minutes)

Problem Statement: For which one of the following systems would a Calorimetry analysis be appropriate?

(1) A cube of ice dropped into coffee in an aluminum cup \L

(2) A cube of ice dropped into coffee in an insulated thermos nu.é s on

\ Sola.‘lZG /,',\gu_la:]:té
5\/54‘:\’/"\

Eﬁ» Q

Description: (3 minutes)

Problem Statement: Hot lead is put into water in a Styrofoam cup. The lead and water come to equilibrium without any steam
being produced. Which of the following statements are true?

(1) The water loses/gains the same amount of temperature as the lead gains/loses.
1 12)\The water loses/eains the same amount of enerev as the lead eains/loses.
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(1) The water loses/gains the same amount of temperature as the lead gains/loses.
(2) \The water loses/gains the same amount of energy as the lead gains/loses.

AEM =0 = AEL + AE,

Problem Statement: Hot lead is put into water in a Styrofoam cup. The lead and water come to equilibrium without any steam
being produced. Which of the following equations would best describe the situation?

(1) CLmAT, + Cymy ATy = 0 O= DE_ +4E,
(2) C,m AT, — Cyymyy ATy = 0

O =Gn AT+ ¢,ny, 8T,
[ — .
ATL ui“ \3& neaa.}—""”-'

Problem Statement: A 100 gram block of lead at 100 °C is placed into 0.5 kg of water at 20 °C in a Styrofoam cup. Calculate the
final temperature.

CL=1281/kg K
Cw=4186J/kg K

~ (L ATL= GG AT,
CLnLTi\- +CumuTi.u

— — - M T :
- (LM (HT— TLLB - Cu Mwv (1:‘ Tw} =) ! Cume + Cumy
- T
Ty # GmuTi, = ConpTer Gn e T () (o) (373) ¥ (5)(05)(243)
I

() (o)) ¥ (H186) (05)

= 7293%3.5K = 205%

Description: (3 minutes) ¥

AT=40.5% -

1H.2.12-12: T, =

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 Tt. The final temperature is?

o :.: B osesS More
3 Tims0%e A B AE
' 10kg | 10kg | || erp per
0°C | 100°C | ¢ |
T bhan A goun's
T ‘ AE
Atg: - N\E, I ‘l:f«mr) P

Fm AT = —CmnAT,
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Dlg = 7 A3LaA
¢ AT, = - AT,

|ATA\ _ _Ci ’> A %Ms \ess )cr.r\

e

]ATBl - Ca - ? \oses = T$ <50%

o Ban

Conceptual questions for discussion

1. .

Hints

1H.2.L2-1: No hints.
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